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Purification of Hypothalamic Corticotropin Releasing Factor.* 


(25553) 


Paut C. Roycet AND GEORGE SAYERS 
Dept. of Physiology, Western Reserve University School of Medicine, Cleveland, O. 


Appropriate stimuli promptly increase rate 
of release of corticotropin from the adenohy- 
pophysis(1). The response is abolished by 
destruction of an area at the base of the hy- 
pothalamus which includes median eminence. 
The defect in an animal with such a lesion has 
been ascribed to loss of a chemical mediator, 
corticotropin releasing factor (CRF), which 
originates in the median eminence and _ is 
transported in the hypophyseal portal venous 
system to the adenohypophysis where it acts 
to accelerate release of corticotropin(2). The 
presence of corticotropin releasing activity in 
crude extracts of median eminence tissue lends 
support to this hypothesis(3). The present 
communication describes column chromatog- 
raphy of crude extracts which led to the 
preparation of fractions exhibiting neither 
pressor nor corticotropic activity at a dose 
which induces substantial adrenal ascorbic 


* Aided by grant from Nat. Inst. of Health, 


WES PES: 
+ Upjohn Postdoctoral Fellow 1958-1959. 


acid depletion in the median eminence le- 
sioned rat. 

Methods. Calf brains were dissected at the 
slaughterhouse.+ The pituitary stalk was 
transected immediately dorsal to the dia- 
phragm sella. A portion of tissue including 
both median eminence and pituitary stalk 
(SME) was separated from the brain and 
dropped into acetone (100 to 150 SMEs/2 
liters of acetone). The acetone was decanted 
and replaced daily for 3 days. The dehy- 
drated, defatted tissue was air dried and 
stored in tightly covered containers at 4°C. 
Crude extracts were prepared by refluxing the 
acetone dried tissue for 10 to 15 minutes in 
glacial acetic acid at 100°C. One ml of gla- 
cial acetic acid was used for each SME. The 
mixture was filtered and the filtrate (crude 
extract) stored at room temperature in glass 
stoppered flasks. CRF activity of crude ex- 


+ Drs. C. Graham and E. A. Lazo-Wasem (Wilson 
Labs., Chicago) arranged for and supervised tissue 
collections. 
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tracts was undiminished after 3 months of 
storage. As a prelude to chromatography, 1 
volume of acetone and 2 volumes of ether 
were added to the crude extract. One to 12 
hours later the precipitate was separated by 
low speed centrifugation and washed 4 times 
with a volume of ether equal to original vol- 
ume of crude extract. The ether washed, 
acetone-ether precipitate was extracted with 
0.01 M ammonium acetate buffer (pH 5.8) 
(see below for volume). The buffer extract 
centrifuged at 10,000 x gravity for 10 min- 
utes, and the clear supernatant applied to a 
carboxymethylcellulose (CMC) column. CMC 
was prepared by the method of Peterson and 
Sober(4) as modified by Ellis and Simpson 
(5). It was equilibrated with 0.01 M am- 
monium acetate buffer (pH 5.8) and the fines 
removed by repeated decantation. The CMC 
was loaded into a 0.9 x 30 cm chromatography 
tube to a height of 10 cm and washed exten- 
sively with 0.01 M ammonium acetate buffer 
(pH 5.8). In Exp. W-3, 100 ml of crude ex- 
tract, prepared from 100 SMEs, were proc- 
essed for chromatography. Ether washed pre- 
cipitate was extracted 4 times with 1 ml of 
buffer and 3 ml of buffer extract were applied 
to the column. In Exp. W-4, 60 ml of crude 
extract, prepared from 60 SMEs, were proc- 
essed for chromatography. The ether washed 
precipitate was extracted 4 times with 3 ml of 
buffer and 9 ml of buffer extract were applied 
to the column. In both experiments, effluents 
were collected at 8 to 10 ml/hour. When the 
level of buffer extract reached the top surface 
of CMC, 10 ml of 0.01 M buffer were added. 
The effluent from this buffer wash was com- 
bined with the effluent from the buffer extract. 
Discontinuous gradient elution was then be- 
gun. The column was washed successively 
with 15 ml each of 0.05, 0.1, 0.2, and 0.4 M 
ammonium acetate buffer and the effluent of 
each successive buffer was collected sepa- 
rately. pH of all buffers was 5.8. As a pre- 
caution against deterioration of CRF, collec- 
tion flasks contained sufficient glacial acetic 
acid so that final concentration of acetic acid 
in each was 3%. Acetone-ether precipitation 
and subsequent steps were carried out at 4°C. 
Assays for CRF activity were performed in 
median eminence lesioned rats (250 to 300 g) 


CRF 


(2). Rats with urine volumes greater than 
75 ml in the first 24 hours after lesioning were 
used for assay. Forty-eight hours post-oper- 
atively the left adrenal was removed and ma- 
terial to be assayed infused intravenously over 
30 seconds. Thirty minutes later the right 
adrenal was removed. The difference between 
concentrations of adrenal ascorbic acid in left 
and right adrenals is an index of corticotropic 
action during period between removal of the 2 
glands. The response may represent cortico- 
tropin release and/or corticotropin injected. 
Corticotropic activity of extracts was deter- 
mined by assay in 24-hour hypophysectomized 
rats (110 to 135 g)(6). Vasopressin content 
was estimated by pressor response of rats pre- 
treated with phenoxybenzamine (U.S.P. XV 
method). The dose of each fraction used in 


the 3 assay systems was equivalent to 0.3 
SME. 


Results. Fig. 1 illustrates blood pressure 
response to the fractions of Exp. W-4. No 
detectable pressor activity was found in ma- 
terial emerging with 0.01, 0.05 or 0.1 M buf- 
fer. The bulk of pressor activity emerged 
with the 0.2 M buffer but a small pressor re- 
sponse was elicited by the 0.4 M fraction. 
Blood pressure response to 10 milliunits Pi- 
tressin (Parke, Davis) is included for com- 
parative purposes. Distribution of pressor ac- 
tivity was the same in Exp. W-3. 


In both experiments W-3 (Fig. 2) and W-4 
(Fig. 3), corticotropic activity as measured in 
the hypophysectomized rat was found exclu- 
sively in the 0.4 M fraction. Because of high 
corticotropic activity of the buffer extract and 
of the 0.4 M fraction, they were not assayed 
for CRF activity in the lesioned rat. The 0.1 
M fraction which had no detectable pressor or 
corticotropic activity at a dose of 0.3 SME 
displayed CRF activity at this dose in the 
lesioned rat. The protein concentration of 
the 0.1 M fraction was 15 pg/SME for W-3 
and 13 ywg/SME for W-4. In both experi- 
ments the 0.05 M fraction was inactive in the 
lesioned rat, but significant CRF activity was 
found in 0.2 and 0.01 M fractions. The 
presence of CRF activity in the 0.2 M frac- 
tion probably results in part from the vaso- 
pressin in this fraction and in part from an 
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FIG. 1. Kymograph record of blood pressure 
response of rat after administration of fractions of 
median eminence (SME) extract W-4 eluted from 
carboxymethyleellulose column with ammonium ace- 
tate buffers of increasing molarity. Dose of each 
fraction equivalent to 0.3 SME. Response to 10 
milliunits of Pitressin is shown at extreme right. 

FIG, 2.- Adrenal ascorbic acid depletion in me- 
dian eminence lesioned and in hypophysectomized 
rats after administration of various fractions of 
hypothalamic (SME) extract W-3. Fractions are 
designated by molarity of ammonium acetate buf- 
fer with which they were eluted from carboxymeth- 
yleellulose column. Height of bar indicates avg 
response of 6 animals to 0.8 SME. Stand. error 
shown by vertical lines. 

FIG. 3. Responses to extract W-4. Same condi: 
tions as for W-3 (Fig. 2) except height of bar indi- 
cates avg response to 5 or more animals. 
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overlap of CRF of the 0.1 M fraction into the 
0.2 M fraction. 


One explanation for presence of corticotro- 
pin releasing activity in the 0.01 M and in the 
0.10 M fractions is the existence of 2 chemi- 
cally distinct CRFs in SME tissue. An alter- 
nate explanation is that the fractionation 
technic is imperfect and the CRF in the 0.01 
M fraction is identical with that in the 0.1 
M fraction. The much greater CRF activity 
of the 0.01 M fraction of Exp. W-3 as com- 
pared to that of the 0.01 M fraction of Exp. 
W-4 may be related to differences in concen- 
tration of the ether washed precipitate in the 
buffer extract (W-3, 25 SMEs/ml; W-4, 5 
SMEs/ml). No signs of toxicity were ob- 
served in the lesioned rat following rapid in- 
fusion (30 seconds) of 0.3 SME of the 0.1 M 
fraction. 

Discussion. Our previous report indicated 
that calf SME tissue contains at least 3 com- 
ponents capable of activating the adrenals 
of the median eminence lesioned rat(3). One 
appeared to be corticotropin, another, vaso- 
pressin. Presence of an additional active fac- 
tor was inferred from the following evidence. 
(1) At appropriate dilutions, activity of crude 
SME extracts in the lesioned rat was greater 
than could be accounted for by their cortico- 
tropic and/or by their pressor activities. (2) 
Pepsin treatment of crude SME extracts re- 
duced adrenal stimulating activity in the le- 
sioned rat but did not diminish corticotropic 
or pressor activity. It was postulated that the 
pepsin-labile component acted directly on the 
adenohypophysis to accelerate the release of 
corticotropin. Biological characterization of 
this CRF was limited by presence of cortico- 
tropin and vasopressin, as well as by its toxi- 
city. The corticotropin activity most likely 
is due to contamination with adenohypo- 
physeal tissue since it is possible with careful 
dissection to obtain material high in cortico- 
tropin releasing activity but with negligible 
corticotropic activity. Preparation of CRF by 
the method described in this report provides 
non-toxic material which contains non-detec- 
table quantities of pressor and corticotropic 
activities and which is suitable for further 
biological investigation. Elucidation of the 
relationship between the CRF of SME origin 
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and that reported in portal vein blood(7,8) 
and in neurohypophyseal tissue(9) must 
await isolation of active material in homo- 
geneous form from each of these three sources. 


Summary. Fractionation of a crude extract 
of calf median eminence on carboxymethyl- 
cellulose columns yields a preparation which 
induces adrenal ascorbic acid depletion in the 
median eminence lesioned rat. This partially 
purified corticotropin releasing factor (CRF) 
is substantially free from corticotropic and 
pressor activities. 
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Evaluation of Type and Degree of Change in Postexercise Electrocardiogram 


in Detecting Coronary Artery Disease. 


(25554) 


GEORGE P. RopB AND HERBERT H. Marxs (Introduced by E. F. Beach) 
Metropolitan Life Insurance Co., N. Y. City 


The value of electrocardiographic double 
standard 2-step exercise test(1) in detection 
of occult coronary disease has been proved 
(2,3,4). The criteria for abnormal response 
to this exercise test indicative of coronary in- 
sufficiency, however, have not been adequately 
tested or defined. Investigation of validity of 
the original criteria of a positive or abnormal 
test by a clinical-statistical follow-up study 
was started in 1952 and completed in 1956 
(4). Incidence of coronary occlusion and 
coronary death subsequent to the test were de- 
termined in a large series of military person- 
nel and insurance applicants suspected of hav- 
ing coronary’ disease who had been given the 
double exercise test. The results indicated 
that the only valid evidence of coronary insuf- 
ficiency in postexercise electrocardiogram was 
ischemic ST segment depression. The signifi- 
cance of ST junction depression remained un- 
determined because, through technical fault 
in the series on military personnel, unrecog- 
nized ST segment depression cases were in- 
cluded in ST junction category. Isolated T- 
wave change after exercise appeared normal. 
The present report gives new data regarding 


significance of (1) various types of ST junc- 
tion depression after exercise; (2) various 
types and degrees of ischemic ST segment de- 
pression; (3) additional data regarding nega- 
tive reactors and (4) QS/QT ratio in various 
types of response to the test(5). 


Materials and methods. This is a fol- 
low-up study of 922 insurance applicants, 
most of whom were suspected of hay- 
ing coronary disease and who were given 
the double standard 2-step exercise test 
between 1949 and March 1958, and traced to 
March 1959. Indications for the test, its 
performance, and electro-cardiographic tech- 
nic, were described previously (4). The post- 
exercise electro-cardiograms were analyzed 
with the P-R segment as the point of reference 
for measuring ST junction and ST segment 
depression(1). The term “ischemic” denotes 
horizontal or sagging depression of the ST 
segment(6). The changes induced by exer- 
cise were Classified as in Chart 1: 1. ST junc- 
tion depression, any degree. Types: (a) 
transitory, during tachycardia; (b)_ pro- 
longed; (c) “near-ischemic”’ . configuration; 
1.¢., ST segment straight and nearly horizon- 
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FIG. 1. Types of electrocardiographic response to 
double two-step exercise test. 


tal. 2. ST segment depression. Type A: 
Horizontal segment — without significant T- 
wave change. Grades: 1— 0.0 to 0.9 mm; 2- 
1.0 to 1.9mm; 3— 2.0 mm or more. Type B: 
Sagging segment — with diphasic or inverted 
T-wave. Grades 1, 2, 3, as indicated under 
“Horizontal segment.”’ Data on the 922 cases 
were analyzed according to standard actuarial 
procedure to obtain mortality rate/1,000 per- 
son years of observation from all causes and 
from coronary disease for each type and de- 
gree of response. This statistical basis as- 
sures comparability of results in the several 
classifications. 

Results are summarized in Table I. Alto- 
gether, there were 29 deaths to date of follow- 
up. Of these, 13 occurred in the ischemic ST 
segment depression cases, 12 of them from cor- 
onary disease. Only 2 deaths, both from cor- 
onary disease, occurred in the more numerous 
ST junction group; 2 in the T-wave group 


(one of them from coronary disease); and 12 
in the negative reactors (6 from coronary dis- 
ease). 

Among the 226 ST junction cases of all 
types the death rate from coronary disease 
was only 2.8 per 1,000 years of observation, 
essentially the same as the rate of 3.1 in the 
negative group. Analysis of transitory, pro- 
longed, and ‘near-ischemic” subgroups 
showed no significant differences, but the ex- 
periences are all small in size. Among the 
145 cases with ischemic ST segment depres- 
sion, death rate from coronary disease was 
23.8 or about 8 times the rate for the ST junc- 
tion and negative series. The experience on 
horizontal and sagging types of ST depression 
have been combined to obtain a greater vol- 
ume of data for statistical analysis according 
to degree of depression. This analysis showed 
a progressive and accelerating increase in 
coronary death rate with increasing ST seg- 
ment depression. Thus, among the 85 cases 
of Grade 1 the death rate was 12.9; among the 
42 cases of Grade 2, 21.2 or about one-half 
more than for Grade 1; while for the 18 cases 
of Grade 3, the coronary death rate was 95.1 
or more than 7 times the rate for Grade 1. 
The T-wave change group was too small for 
statistical analysis. 


The QS/QT ratio showed distinct differ- 
ences between negative reactors and those 
with ST segment depression, particularly of 
the sagging type, but not between negative re- 
actors and those with ST junction depression. 
Moreover, the ratio does not discriminate well 
between cases with various degrees of ST 


TABLE I. Death Rates/1,000 Person Years of Observation among Insurance Applicants Given 

Double Standard 2-Step Exercise Test. Negative reactors and those with ST depression, classi- 

fied by type and degree of change in postexercise ECG. Metropolitan Life Ins. Co., cases tested 
in 1949-Mareh 1958, traced to March 1959. 


No. of ——— Deaths Death rates——, 

Classification eases Alleauses Coronary Allecauses Coronary 
Negative 519 12 6 6.3 3.1 
ST Junction Depression (more than 0.5mm) 226 2 2 2.8 2.8 
a. Transitory, during tachycardia 114 1 1 3.0 3.0 
b. Prolonged 100 il 1 2.9 2.9 

c. ‘*Near-ischemic’’ configuration 12 0 0 

Ischemic ST Segment Depression 145 13 12 25.7 23.8 
Us AO Boy go) eaten 85 4 Jt 12.9 12.9 
2. 1.0 to 1.9 mm 42 3 3 21.2 21.2 
3. 2.0 mm or more 18 6 5 14d 95.1 
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segment depression. In isolated T-wave in- 
version the method is not applicable. 
Discussion. This follow-up of 226 cases of 
ST junction depression provides additional 
evidence that ST junction depression is a nor- 
mal response to exercise. Even the prolonged 
and “near ischemic” types ascribed by some 
investigators to mild coronary insufficiency 
had a low death rate. In contrast, all grades of 
ischemic ST segment depression had a high 
coronary death rate. This type of electrocardi- 
ographic response to exercise evidently is due 
to coronary insufficiency caused by coronary 
atherosclerosis. The increase in coronary 
death rate that accompanies the increase in 
ST segment depression suggests that degree of 
ischemic depression is directly related to se- 
verity of coronary insufficiency induced by the 
test. It is of interest that the 8 coronary 
deaths in the Grade 2 and 3 cases showed sag- 
ging ST segments and diphasic or inverted T- 
waves. This type of reaction probably de- 
notes a more severe degree of coronary insuf- 
ficiency than does the horizontal type. Fur- 
ther analysis according to type and degree 
will be made when enough material is avail- 
able. While QS/QT ratios differ for the ex- 
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tremes—negative reactors and those with is- 
chemic ST segment depression—this technic 
does not offer any special advantage over in- 
spection of the tracings. 


Summary. Ischemic ST segment depres- 
sion after exercise is due usually to coronary 
atherosclerosis and insufficiency. Our data 
suggest that type and degree of ischemic ST 
segment depression after exercise reflects the 
severity of the coronary disease. The results 
of this investigation indicate also that ST 
junction depression is a normal response to 
exercise. 
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Immunocytochemical Demonstration of Intranuclear Localization of 18S 


Gamma Macroglobulin in Macroglobulinemia of Waldenstrom 


(25555) 


Tuomas F. DUTCHER AND JOHN L. FAHEY 
Pathologic Anatomy, and Metabolism Service, Natl. Cancer Inst.,* Bethesda, Md. 


We recently reported the presence of intra- 
nuclear material within lymphoid plasma cells 
of 3 patients with macroglobulinemia of Wal- 
denstr6m(1). This material was histochemi- 
cally identified as a protein with high carbo- 
hydrate content. The carbohydrate compo- 
nent was shown not to consist of glycogen 
since it was periodic acid-Schiff(PAS) positive 
after digestion with diastase. The isolated 
serum 18S gamma macroglobulin from each 
of the 3 patients also had a high carbohydrate 
content and was strongly PAS positive follow- 
ing electrophoresis on filter paper strips. 


Nat. Insts H., Us» Dept HE. We 


The present study, utilizing the fluorescent 
antibody technic of Coons and Kaplan(2), 
supports the probable identity of protein ma- 
terial within the nucleus and cytoplasm of 
lymphoid plasma cells and the circulating se- 
rum 18S gamma macroglobulin from a patient 
with macroglobulinemia of Waldenstrém. 

Methods. Antisera preparation: Purified 
gamma macroglobulin from serum of patient 
J.W. was obtained by repeated precipitations 
of the protein from solution by dialysis 
against low ionic strength pH 8.0 buffers. The 
final product was homogeneous by analytic 
electrophoresis and upon ultracentrifugation 
consisted of 18S macroglobulin (with small 
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amounts of 23S and 27S components). Whole 
normal human gamma globulin, prepared by 
electrophoretic procedures contained 90% 
6.6S gamma globulin and 10% 18S gamma 
macroglobulin(3). Antisera to purified J.W. 
macroglobulin and to whole normal human 
gamma globulin were produced utilizing tech- 
nics described elsewhere(3). Rabbit anti- 
macroglobulin serum was absorbed with com- 
mercially prepared gamma globulin (Cohn 
Fraction IL) to remove antibodies to 6.6S 
gamma globulins. This absorbed anti-macro- 
globulin serum produced single precipitin 
bands in Ouchterlony gel diffusion plates (4) 
when tested against purified J.W. macro- 
globulin and against whole normal gamma 
globulins. These bands showed a reaction of 
identity in the gel diffusion plate demonstrat- 
ing specificity of the absorbed rabbit anti- 
macroglobulin for the J.W. macroglobulin and 
for at least some of the 18S gamma macro- 
globulin present in whole normal gamma 
globulin. Rabbit anti-whole normal gamma 
globulin serum contained antibodies against 
both 6.6S and 18S gamma globulins. This 
antiserum was absorbed with purified J.W. 
macroglobulin to removed antibodies which 
might have reacted with J.W. macroglobulin. 
The antibodies in the 2 absorbed antisera were 
precipitated and concentrated by ™% satura- 
tion with (NH4) SO, redissolved and dialyzed 
against saline. We are extremely grateful to 
Dr. Arthur Silverstein, Chief, Immunochemi- 
cal Section, Armed Forces Inst. of Pathology, 
for performing the fluorescein labeling of the 
concentrated antisera. The labeled antisera 
were absorbed with acetone dried human liver 
powder. Bone Marrow Smears: At the time 
of our original report, J.W. did not have dem- 
onstrable intranuclear PAS positive material 
in cells aspirated from bone marrow but this 
has subsequently been observed in repeated 
marrow aspirates. Aspirated marrow particles 
were smeared on coverslips, air dried and 
stored at 4°C until stained. The coverslips 
were placed in 4°C acetone for 10 minutes, 
rapidly air dried and covered with absorbed 
fluorescein labeled antisera for 45-60 minutes 
in a moist chamber at room temperature. 
They were then agitated gently during two 
10 minute rinses in pH 7.4 phosphate buffered 
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normal saline, mounted on slides with 25% 
glycerol in buffered saline and observed with 
Leitz ultraviolet microscope using wavelength 
of 390-440 mp. Several cells with intranu- 
clear fluorescence were photographed and the 
microscopic fields were marked. The cover- 
slips were removed from the slide by immer- 
sion in buffered saline, air dried, fixed for 3-5 
minutes in formalin vapor, washed in running 
water and stained by a PAS-Hematoxylin 
technic. The marked fields were then exam- 
ined with standard illumination. Controls for 
specificity of fluorescence consisted of bone 
marrow smears from J.W. incubated with the 
absorbed fluorescein labeled anti-normal 
gamma globulin and smears incubated with 
pooled rabbit sera containing unlabeled anti- 
macroglobulin for 1 hour prior to incubation 
with the fluorescein labeled anti-macroglobu- 
lin. Smears of aspirated bone marrow par- 
ticles from patients with multiple myeloma 
and carcinoma served as non-macroglobuline- 
mic controls. 

Results. Specific, brilliant green fluores- 
cence was present within the otherwise non- 
fluorescing nucleus of several cells in smears 
incubated with the fluorescein labeled anti- 
macroglobulin preparation (Fig. 1). Diffuse 
specific fluorescence was also present in cyto- 
plasm of most cells with intranuclear fluores- 
cence and in cytoplasm of a few cells with 
an eccentric, non-fluorescent nucleus. Prein- 
cubation with unlabeled anti-macroglobulin 
serum diminished intensity of the specific 
fluorescence. The fluorescent nuclear area 
was usually demonstrated to be PAS positive. 

Some cells with the intranuclear area of 
fluorescence were noted to have a zone of peri- 
nuclear fluorescence which was not sharply 
circumscribed (Fig. 2). In PAS stained 
preparation, these cells were distorted and 
consisted of an apparently intact nucleus with 
a surrounding clear zone, within which there 
were clumps of PAS positive material but no 
recognizable cytoplasmic structures. Most 
cells of this type contained intranuclear PAS 
positive material but in a few the area previ- 
ously occupied by specific fluorescence was 
colorless. It is assumed that the macroglobu- 
lin was in this intranuclear area at the time 
of the reaction between it and the labeled 
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FIG. 1. Fluorescence photomicrograph of bone 
marrow smear ineubated with fluorescein labeled 
anti-18S macroglobulin. Compact fluorescence in 
nuclear area and surrounding diffuse, but rather 
well circumscribed cytoplasmic fluorescence. Note 
erythrocytes outlined by fluorescence. Enlarged 3 X 
from 500. 

FIG. 2. Same as Fig. 1. Less well circumscribed 
perinuclear fluorescence of a distorted lymphoid 
plasma cell. 
anti-macroglobulin, but was subsequently re- 
moved during the wash in buffered saline or 
during PAS procedure. PAS positive clumps 
in the clear perinuclear area of these distorted 
cells may represent the material which was 
originally within the nucleus. 

The reason for the observed cellular distor- 
tion is not known but the phenomenon has 
been reported by Louis(5) in peripheral blood 
smears stained by the Leishman technic fol- 
lowing ultraviolet microscopy. Several neu- 
trophils were similarly distorted and it may 
be, as suggested by Louis, that ultraviolet ir- 
radiation is detrimental to cellular structures 
even after “fixation.” 

Smears incubated with labeled absorbed 
anti-human gamma globulin contained cells 
with an eccentric nucleus and a diffuse cyto- 


plasmic fluorescence similar to that described 
for plasma cells(6) and myeloma cells(7). 
The J.W. marrow and carcinoma control mar- 
rows contained relatively few of these cells 
whereas they were numerous in multiple mye- 
loma control smears. No intranuclear fluores- 
cence was seen in anti-human gamma globu- 
lin preparations. 

Other cellular components of marrow 
smears had no specific fluorescence with either 
labeled antiserum. Neutrophilic granules had 
a faint non-specific fluorescence and other 
granulocytes, either eosinophils or basophils, 
contained bright yellow to orange cytoplasmic 
granules. The background plasma was PAS 
positive, intensity depending upon thickness 
of smear. This was consistent with the pres- 
ence of 8 g % of gamma macroglobulin of high 
carbohydrate content in the patient’s plasma. 
Plasma fluorescence was concentrated at the 
red cell surface as noted by Pachter e¢ al.(8). 


Discussion. The demonstration of immu- 
nologic, in addition to histochemical, identity 
of intranuclear PAS positive material of 
lymphoid plasma cells and the circulating 
macroglobulin in a patient with the macro- 
globulinemia of Waldenstrom is strong sup- 
port for the concept that the lymphoid plasma 
cell contains macroglobulin. Whether the 
intranuclear material represents macroglobu- 
lin formation, storage or destruction and 
whether this is a normal or abnormal site of 
macroglobulin metabolism, awaits further 
study. In view of the analogous situation, 
wherein myeloma protein has been shown in 
myeloma cells by the immunofluorescent tech- 
nic(7) and formed in myeloma tumor by bio- 
chemical technics(9), it is reasonable to ex- 
pect that macroglobulin is formed in lymph- 
oid plasma cells. 


At the time of this study, the marrow from 
patient J.W. contained fewer lymphoid plasma 
cells than we observed in other patients with 
macroglobulinemia. Each J.W. bone mar- 
row smear incubated with anti-macroglobulin 
preparation contained 20 to 30 fluorescent 
cells and most of these had intranuclear fluor- 
escence. A similar number of fluorescent cells 
were found in parallel smears incubated with 
antinormal 6.6 S globulin. 
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Specific intranuclear fluorescence with the 
anti-J.W. macroglobulin was demonstrable in 
cells of one other patient with macroglobu- 
linemia. Recently Curtain(10), using a simi- 
lar technic, observed cytoplasmic, but not in- 
tranuclear, fluorescence of plasmacytoid cells 
from bone marrow of 2 patients. One of these 
patients had increased serum gamma macro- 
globulins but an atypical clinical history for 
Waldenstrém’s macroglobulinemia(11). The 
other patient appeared to have multiple mye- 
loma. 

Summary. Immunofluorescent and cyto- 
chemical technics were used to identify 18S 
gamma macroglobulin within the nucleus and 
cytoplasm of lymphocytoid plasma cells from 
a patient with macroglobulinemia of Walden- 
strom. Intranuclear fluorescence coincided 
with presence of intranuclear PAS positive 
protein. This observation supports the con- 
cept, suggested by histochemical studies, that 
circulating macroglobulin and intranuclear 
protein of lymphocytoid plasma cells are 
closely related and may be identical. The 
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evidence suggests that macroglobulin is 
formed in lymphocytoid plasma cells. 
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Response of Isolated Auricles to Some Substances of Metabolic Interest.* 


(25556) 


V. M. VENTuRI't AND Hous G. SCHOEPKE 


(Introduced by F. E. Shideman) 


Dept. of Pharmacology and Toxicology, University of Wisconsin, Madison 


Inotropic actions of various intermediary 
metabolites have been studied most often 
using preparations of rat ventricular muscle 
(1,2,3), papillary muscle of cat(4) or iso- 
lated heart(5,6,7). Similar studies on iso- 
lated auricles of rabbit(8) have been con- 
ducted in a somewhat different manner and 
differences in activity noted. Ventricles and 
auricles also differ with respect to their sensi- 
tivity to various inorganic ions(9,10) and ex- 
hibit a difference in responsiveness to stimu- 
lation of their extrinsic nerve supply(11). 


* This work was presented in part before Am. Soc. 
for Pharmacol. & Exp. Ther., Apr. 15, 1957, Chicago, 
Ill. 

+ Present address: Dept. of Pharmacology, Uni- 
versity of Pavia, Italy. 


These observations led us to perform the fol- 
lowing experiments to determine whether or 
not the auricular effects in the rat of malonic 
acid and certain intermediates of the tricar- 
boxylic acid cycle are similar to those elicited 
by these agents in ventricular preparations 
from the same animal. We also attempted to 
explain the observed effects utilizing a some- 
what different experimental approach than 
that employed previously. 


Materials and methods. Albino rats of 
Holtzman strain, unselected as to sex and 
weighing approximately 150 g were used. 
Animals were anesthetized with ether and the 
hearts rapidly removed. After excising ven- 
tricular muscle, blood vessels, fat and connec- 
tive tissue, the auricles were suspended in a 
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muscle chamber containing 250 ml of Locke’s 
solution maintained at constant temperature 
and aerated with mixture of 95% oxygen and 
5% COs by means of sintered glass plate at 
bottom of chamber. The Locke’s solution had 
the following composition: NaCl, 0.9%; KCl, 
0.042%; CaCle, 0.024%; NaHCOs, 0.05%. 
In those experiments employing a glucose-con- 
taining medium, the concentration of this sub- 
stance was 0.10% unless otherwise stated. 
Contractile amplitude and rate of spontane- 
ous beat were recorded with isotonic lever on 
a kymograph. Auricles were allowed to equili- 
brate at least one hour after placing in the 
medium prior to addition of any of the com- 
pounds and were washed frequently after each 
response. Compounds were employed as ob- 
tained from commercial sources, dissolved in 
medium used in muscle bath, adjusted to pH 
7.0, and added to bath in a volume not ex- 
ceeding 2 ml. 

Results. The isotonic contractile ampli- 
tude of auricles of the rat was reduced by 
various intermediary metabolites and malo- 
nate (Table I). The effect produced by ace- 
tate was more transient than that seen with 
other compounds. Although addition of glu- 
cose (5 or 10 p»mol/ml) to the medium in- 
creased contractile amplitude at 28°C, it 
caused little or no change in contractility of 
auricles studied at 38°C. Inhibitory activity 
was greatest with citrate and least with lac- 
tate. In general a negative inotropic response 
was accompanied by decrease in rate, though 
of less magnitude, and the effects produced by 
the compounds in a medium maintained at 
28°C were very much like those at 38°C. 


TABLE I. Negative Inotropic Effects of Various 
Compounds on Isolated Rat Auricles. 


Cone. of compound (~mol/ml) 


1 5 10 20 
Com- 
pound* % decrease in contractile amplitude 
Citrate 69 +2.1f 100+0 100+0 100+0 
Malonate 7+1.0 22+40 44+3.4 90+6.9 
Malate Ie se 220) 25+3.9 54+7.0 18 +2.0 
Succinate 10+3.0 28+2.9 58+5.2 73+6.4 
Pyruvate 44+2.6 20+43 3334+7.9 40+5.0 
Fumarate 0 15+4.7 25+1.3 41+2.2 
Acetate 0 8+1.6 36+5.3 45 +3.6 
0) 6+1.6 24+42 39+4.2 


Lactate 


* All compounds were employed as sodium salts. 
t Mean + S.E. 
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| MINUTE 


FIG. 1. Effeet of repeated alternate administra- 

tion of calcium and citrate on contractile ampli- 

tude of isolated auricles of the rat. Following the 

response to 2.5 mmol of sodium citrate (Ci), 2.25 

mmol of caleium chloride (Ca) was added. Seven 

such titrations were performed before signs of cal- 
cium intoxication appeared. 


Degree of inhibition of contractile amplitude 
was not significantly affected by addition of 
glucose to the medium. Sodium malonate 
produced a reduction in amplitude of con- 
tractions of the auricles. This was seen in a 
medium containing either 2.45 »mol/ml or 
2.16 »mol/ml of calcium chloride. The ef- 
fects were very similar at 28°C and 38°C and 
were not significantly affected by addition of 
glucose to the medium. Addition of sodium 
(as sodium chloride) equal in amount to that 
in the compounds under study did not alter 
contractile amplitude. 


Negative inotropic effect of the metabolites 
was reversed by addition of appropriate 
amounts of calcium chloride to the medium. 
Reciprocally, enhanced contractility produced 
by certain quantities of calcium was antago- 
nized by addition of metabolites under study. 
Using the “titration” method of Swain e¢ al., 
(13), experiments were performed in which 
calcium chloride and one of the metabolites 
were alternately added to the bath. One such 
experiment is illustrated in Fig. 1 where 2.5 
mmol of sodium citrate was “‘titrated”’ in this 
manner with 2.25 mmol of calcium chloride. 
A series of 7 such “titrations” could be per- 
formed before signs of calcium toxicity were 
observed. Similar “titration” experiments 
were conducted using succinate, malonate, 
malate, fumarate, pyruvate and lactate. In 
each experiment the following were deter- 
mined: (1) lowest concentration of calcium 
necessary in the medium to cause a just per- 
ceptible reversal of the negative inotropic 
effect produced by 2.5 mmol of the compound 
used, (2) concentration of calcium required 
for complete reversal of the effect produced 
by the compound, and (3) total calcium con- 
centration present in the medium during a 
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TABLE II. Reversal of Negative Inotropic Effects 
of Various Compounds on Rat Auricles by Caleium 


Chloride. 
CaCl, cone. (umol/ml) producing 
Partial Complete 
Compound* reversal reversal Toxic effects 
Citrate 3.0 9.0 65.2 
Succinate 4 8 7.0 
Malonate all 1.0 6.2 
Malate 2 6 6.4 
Fumarate 22 ml Geil 
Pyruvate 2 2.0 8.4 
Lactate 2 8 6.2 


* All compounds were employed at a final con- 

centration of 10 wmol/ml except lactate in which 
case concentration was 20 wmol/ml. 
“titration” experiment when toxic effects of 
calcium, e.g. arrhythmias, first appeared. 
These results are summarized in Table II. 
Calcium was least effective in counteracting 
the negative inotropic response to citrate. It 
also will be noted that citrate was capable of 
antagonizing approximately 10 times more 
calcium than were the other compounds. 

Discussion. These experiments demon- 
strated that all compounds examined, except 
glucose, exert a negative inotropic effect on the 
isolated auricles of the rat. These results con- 
firm those obtained by a previous investigator 
(8) who employed the isolated auricles of the 
rabbit. Similar effects have been observed on 
isolated perfused rat heart with a glucose-free 
perfusing medium(6) and on the isolated per- 
fused rabbit heart(7). The increase in ampli- 
tude observed after addition of glucose at 
28°C parallels the observations of previous in- 
vestigators(4) on papillary muscle of the cat. 
However, in contrast to these findings, it has 
been reported(1) that hypodynamic rat ven- 
tricular strips show recovery of contractile 
amplitude upon addition of pyruvate, lactate, 
B-hydroxybutyrate, acetate, succinate or glu- 
cose in phosphate buffered solutions. This 
difference in results may be related to a dif- 
ference in sensitivity of auricles and ventricles 
to these compounds or to differences in media 
or technics employed since the effect of suc- 
cinate, at least, varied with different media 
employed in these experiments. Hydrogen ion 
concentration also appears important since at 
pH 7.6 in a bicarbonate buffered medium, no 
recovery of depressed amplitude occurred with 
citrate, succinate or malate on rat ventricular 
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strips(3) whereas the latter 2 substrates were 
effective in a medium buffered at pH 6.2. Posi- 
tive inotropic actions of pyruvate, glucose and 
acetate but not citrate, fumarate, succinate 
and malate have been observed with hypo- 
dynamic rabbit auricles(8). 


The negative inotropic effect of malonate 
which we observed is in contrast to lack of 
activity of this compound on the driven auri- 
cular preparation reported by other investi- 
gators(12) and positive inotropic activity on 
rat ventricular strips seen by still other work- 
ers(2). The latter investigators employed a 
higher concentration of calcium (2.45 »mol/ 
ml) than we used. However, even at this 
higher calcium concentration, we observed 
only negative inotropic responses of rat auri- 
cles to malonate. The results suggest that 
reduction of contractility by malonate is not 
the result of inhibition of metabolic activity 
in the tricarboxylic acid cycle, since metabo- 
lites of the cycle are capable of producing 
similar negative inotropic responses, as re- 
ported previously (8). 

With the exception of acetate, all com- 
pounds utilized in this study which elicited 
negative inotropic responses are theoretically 
capable of forming chelate-type compounds 
with the calcium ion. Sodium acetate, a 
monodenate compound, would not be expected 
to chelate with calcium but complexes of a 
nonring-type might be formed. Our data 
suggest that the negative inotropic activity of 
the compounds examined could be due to a 
decrease in concentration of available calcium 
in the medium. This concept agrees with the 
work of other investigators who believe that 
depression of amplitude by malonate(2) and 
by citrate(8) is probably due to a reduction in 
calcium concentration of the medium. The 
myocardial depressant effects of compounds 
employed were overcome by addition of ap- 
propriate amounts of calcium chloride to the 
medium. Conversely the toxic effect of cer- 
tain concentrations of calcium chloride could 
be limited by subsequent addition of one of 
the compounds in question. “Titration” ex- 
periments provide even more convincing sup- 
port for the view that there is some interac- 
tion between calcium ion and these com- 
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pounds. Reversal of only a single episode of 
depression with calcium would not be signifi- 
cant since the negative inotropic action of 
many substances can be antagonized nonspe- 
cifically with calcium salts but several con- 
secutive reversals provide more definitive in- 
formation(13). It was reasoned that if a 
complex were formed between the compound 
in question and calcium, most of the calcium 
would be bound in an inactive form and alter- 
nating additions of calcium and the compound 
would result in alternating increases and de- 
creases in contractile amplitude. On the 
other hand if no such complex were formed 
and the response to calcium were specific then 
evidence of calcium toxicity should appear 
early as a result of an increased concentration 
of calcium ion in the medium. In the absence 
of compounds studied, a concentration of ap- 
proximately 3 »mol/ml of calcium chloride in 
the medium proved toxic as evidenced by ap- 
pearance of arrhythmias. Concentrations of 
calcium 2 or more times this value were re- 
quired to produce arrhythmias when one of 
the compounds was in the medium (Table IT). 
We are unaware of any report where an auri- 
cular depressant and calcium have been “‘ti- 
trated” in the manner described where there 
is more than enough calcium ion to cause toxic 
signs yet none are seen. Therefore, it appears 
that a part of the calcium has been converted 
to an inactive form and that the negative in- 
otropic action of the compounds studied is 
related to their capacity to bind or inactivate 
calcium. 

Although it would be of interest to relate 
dissociation constants of calcium complexes of 
these compounds to the capacity of calcium to 
reverse their toxic effects, there are such wide 
variations reported for constants by various 
investigators that it appears unwise, if not im- 
possible, to attempt to do this. Ranges of re- 
ported values overlap to a considerable extent 
and the small differences observed correlate 
to a certain extent with small differences in 
calcium concentration required for toxic ef- 
fects during ‘“‘titration” experiments. 


METABOLITES ON ISOLATED AURICLES 


Summary. Various compounds of meta- 
bolic interest, both substrates (citrate, suc- 
cinate, fumarate, I-malate, pyruvate, dl-lac- 
tate, acetate) and an inhibitor (malonate), 
produced a negative inotropic effect on iso- 
lated auricles of the rat. Of the intermediary 
metabolites the greatest degree of negative 
inotropic activity was exhibited by citrate 
and the least by acetate and lactate. Nega- 
tive inotropic activity of these compounds 
did not appear to be significantly affected by 
temperature or addition of glucose to the me- 
dium. Results obtained following addition of 
calcium chloride to the medium, after effects 
of test compounds were established as well as 
results from “titration” experiments, suggest 
that the effects of metabolites and antimetabo- 
lite studied may be related, at least in part, 
to their capacity to form complexes with cal- 
cium. 
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Parotid Gland Secretion Rate as Method for Measuring Response to 
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USAF, Randolph Air Force Base, Texas 


Four distinct submodalities, acid, salt, 
sweet and bitter, are generally acknowledged 
as comprising the gustatory sensation. These 
primary responses along with certain somato- 
sensory components such as pain, temperature 
and touch contribute to the response aroused 
when receptor areas of oral cavity are acti- 
vated by gustatory stimuli. Electrical record- 
ing of action potentials from single taste fibers 
(1) and response from total receptor field (2) 
provided a means of measuring nerve re- 
sponse to chemical stimulation of the tongue 
in animals. “Drop or sip” methods are gen- 
erally employed to measure taste thresholds 
and sensitivity differentials in humans. Beebe- 
Center and Waddell(3) described a_hetero- 
qualitative taste scale using the subjective 
strength of 1.0% solution of sucrose, units 
being termed “gusts.” Gust concentration 
curves were given for tartaric acid, sodium 
chloride, sucrose and quinine. Unfortunately, 
these measurements of human response to 
gustatory stimuli are based on subjective eval- 
uations and are thus necessarily limited. 
Clearly, some other means of exploring taste 
in humans is needed before physiological 
_ mechanisms governing this sensation can be 
discovered. The present paper offers a new 
approach to quantitative measurement of the 
effect of gustatory stimuli. 

Methods. One hundred thirty-eight male 
subjects between ages of 17 and 30 years, of 
sufficiently sound physical condition to qual- 
ify for military service, were utilized. Stimuli: 
The effect of each of 4 gustatory submodali- 
ties was determined using solutions of citric 
acid, sodium chloride, sucrose and quinine. 
Using wetted cotton applicator sticks, the so- 


* This investigation was suppcrted by School of 
Aviation Medicine USAF. 

+ The opinions asserted are those of the authors 
and are not to be construed as representing the views 
of the Air Force. 


lutions were applied by running wetted cotton 
around lateral edges of the tongue, followed 
by swabbing the entire dorsum of tongue from 
area delineated by the circumvallate papillae 
to the tip. A wall clock with sweep second 
hand was visible to all participants and su- 
pervisory personnel were available to insure 
that the subjects applied the stimuli in a 
proper manner and at specified intervals. 
Secretory Rate: Samples of parotid saliva, col- 
lected in tubes graduated to 0.1 ml were ob- 
tained by means of vacuum cups(4). Secre- 
tion rate (ml/min/gland) for each participant 
was determined by measuring time required 
to secrete a standard volume (5 ml) which 
permitted greatest accuracy in evaluating re- 
sponse to test stimuli. Response to different 
stimuli was quite variable and some individ- 
uals were unable to secrete the desired vol- 
ume within a reasonable period. Since pro- 
longed application of the stimuli caused un- 
due discomfort or trauma to the subjects, (so- 
dium chloride—drying of oral mucosa and 
lips; sucrose—nausea; quinine—retching; and 
citric acid—bleeding of the tongue and lips,) 
it was not feasible to continue testing for more 
than 4 hours. Therefore, maximum stimula- 
tion time, 20 minutes for sodium chloride and 
sucrose solutions and 15 minutes for citric acid 
and quinine solutions, was employed. If 5 
ml was obtained before maximum time limit 
was reached the subject was permitted to ter- 
minate that sample and proceed to the next 
sample, to prevent glandular fatigue in per- 
sons who were rapid secretors. Secretion rate 
(volume collected/time of stimulation) for 
each individual and each variable was calcu- 
lated. The results obtained, for each variable, 
were summed and mean rate for the group 
determined. Each experimental group re- 
ceived 4 to 8 test solutions. However, sub- 
jects were sampled only once for each variable 
tested. This procedure was employed after 
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ascertaining in a pilot group (10 subjects) 
that both individual and group response to 
randomly chosen stimuli did not significantly 
vary when a given stimulus was applied sev- 
eral times within 4 hours. Sampling: A dif- 
ferent group of individuals was employed for 
each series of experimental variables and the 
following standard procedure was established. 
After initial placement of vacuum cup a 10 
minute acquaintance interval was given each 
subject. The secretion thus obtained was con- 
sidered a clearance sample and was not used. 
Upon completion of the acquaintance session 
an experimental sample was collected. Since 
several successive samples were obtained from 
each individual, using both constant and vari- 
able stimuli, a 5 minute clearance sample was 
collected immediately prior to all other experi- 
mental samples. Participants were given a 
drink of water (room temp., 25°C) after col- 
lection of each experimental sample to make 
certain that the response measured was not 
affected by previously employed stimulus. 
Sampling was done both morning and after- 
noon without regard for possible effect of post- 
prandial or diurnal variation. Three test con- 
ditions were utilized in determining parotid 
gland secretory response to the 4 gustatory 
submodalities. The effect of solution concen- 
tration, application rate (frequency of stimu- 
lation) and accommodation were investigated. 
Twelve experimental groups were tested. A 
control or sham group using only water was 
employed to determine response resulting 
from tactile sensation. Control values were 
thus subtracted from all experimental values, 
to give only the response arising from gusta- 
tion. 

Results. Effect of concentration: Range of 
concentrations of the 4 solutions used was 
chosen so that minimal concentration would 
be above absolute threshold for each sensa- 
tion. Maximum concentration was selected 
either on a basis of solubility or on concentra- 
tion suitable for continuous use without dam- 
aging oral mucosa or inducing illness. Con- 
centrations were always given in ascending or- 
der. Throughout entire series of concentra- 
tions all subjects were able to discern increase 
in gustatory intensity from one solution to 
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the next. A separate group of individuals was 
used for each of the 4 stimuli. Application 
rate was maintained at 4 swabs/minute. 


Relationship between secretory response 
and solution concentration is illustrated in Fig. 
1. Citric acid evoked a response which had a 
linear relationship with concentration up to a 
2% solution. Secretion rate then appeared to 
have reached a maximum and broke sharply. 
A similar, but not so severe, break occurred 
with sodium chloride where a marked decrease 
in rate was exhibited at concentrations above 
15%. In contrast, rate of secretion appeared 
to have a linear relationship with amount of 
quinine and sucrose in solution throughout en- 
tire series of concentrations. This is in ac- 
cord with observations of Pfaffman(1) that 
frequency of response in any one gustatory 
fiber was increased by increase of stimulus in- 
tensity (concentration) only up to some limit- 
ing value. Above this limit, more intense 
stimuli produced only the same maximal re- 
sponse. 


Effect of Application Rate: Intensity of re- 
sponse resulting from increasing rates of ap- 
plication is presented in Fig. 2. Solution con- 
centrations were constant and rate of applica- 
tion (swabs/min) was increased throughout 
the series. Concentrations selected: citric 
acid—3%, sodium chloride—30%, sucrose— 
40% and quinine—0.15% induced maximal 
or near maximal stimulation. The results in- 
dicate that secretory response appears to be 
a curvilinear function of application rate 
(Fig. 2a). In the water series (control) se- 
cretion rate also increased as swab rate was 
raised, but here the relationship appeared to 
be a straight line function. When response 
(secretion rate) was plotted against logarithm 
of application rate, a linear relationship was 
established (Fig. 2b). 

Accommodation. 'To ascertain if decreas- 
ing acceleration rate of response with increas- 
ing application rate was due to accommoda- 
tion the following was undertaken. Five suc- 
cessive saliva samples were obtained, with ex- 
ception of citric acid, using the same solution 
concentrations and collection procedures as 
for rate study. A lower concentration of cit- 
ric acid (2%) was used because concentra- 
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CONCENTRATION (grams/100m!) p ? ; 
(SODIUM CHLORIDE & SUCROSE) tions greater than 2% had a keratinolytic ac- 


5.0 1.0 15.0 20.0 25.0 30.0 350 40.0 tion when used over prolonged periods. Ap- 
plication rate was maintained at 4 swabs/ 
minute; this approximated a mean rate of 4.7 
swabs/min calculated from the range (0.5-12/ 
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FIG. 1. Effect of solution concentration on se- 


0.9 cretion rate. One group of subjects used for each 
of 4 stimuli. N equals No. of individuals/group. 
z 0.8 Saliva samples were collected successively and stim- 
S07 uli given in ascending order. Solution temp. 25°C. 
Pht FIG. 2a and 2b. Effect of application rate on se- 
£ 06 cretion rate. N equals No. of persons/group. A 
‘ei separate group was employed for each of 4 test 
wo 0.5 solutions and the water control. Temp. of solutions 
2 25°C. Saliva samples were collected successively 
Fa 0.4 and application rate modified in ascending order. 
FIG. 3. Effect of continuous stimulation on se- 
OS eretion rate. N equals No. of subjects/group. A 
7 different group was used for each test solution. 
” 02 Solutions maintained at 25°C. 
FIG. 4. Determination of equilibrium constant 
0.1 and maximal response for 4 gustatory stimuli. Plot 
of 8 application rates (swabs/min.) against appli- 
05 O:Suesl 23 T4692 cation rate divided by secretory response (ml/min. 
@b. LOG APPLICATION RATE /gland). 
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min) of the rate series. Fig. 3 shows that the 
response remained quite consistent over en- 
tire stimulation period (citric acid—80 min; 
sodium chloride—100 min; sucrose—130 
min; quinine—130 min). Only sodium chlor- 
ide and sucrose solutions exhibited a signifi- 
cant change in secretion rate between first and 
subsequent samples, in that paired data 
analysis of results indicated that there was a 
slight, but significant, difference in rate of 
secretion between samples 1 vs. 2, and 1 vs. 3. 
The difference between 1 vs. 4, 1 vs. 5 or 
among samples 2 through 5 was not statis- 
tically significant. With citric acid and 
quinine solutions, there were no statistically 
significant differences among any of the 5 
samples. Thus it can be assumed that there 
was no measurable accommodation under im- 
posed experimental conditions. Furthermore, 
these findings serve to reemphasize the obser- 
vation noted in the pilot study, that subjects 
respond in a fairly consistent manner to a 
given stimulus. 

Discussion. Plotting secretory response 
against stimulation frequency resulted in a 
curve fitting the equation of Michaelis and 
Menten. The method of Lineweaver and 
Burk(5) which rearranges the equation to a 
straight line function makes the relationship 
between response and affecting variable more 
obvious. This relationship can be expressed 


‘ A 1 K 
mathematically as — = — (A) + —, where 
r IR R 
A is affecting variable, r is observed response, 
R is maximum response and K is equilibrium 
constant of the entire reflex. By plotting A 
against A/r (Fig. 4) the slopes of resultant 


’ 1 : ; 
lines are equal to — and the ordinate intercept 


i” 


is equal to = The method of least squares 


was used to calculate slopes and ordinate in- 
tercepts. The R max and the gustatory-sali- 
vary reflex K for the 4 gustatory modalities 
are presented in Table I. The K for sucrose 
and quinine appear to be of similar magnitude 
and markedly differ from values obtained for 
citric acid and sodium chloride. 


Due to the many problems which require 
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TABLE I. Maximum Response and Equilibrium 
Constant of Gustatory Stimuli. 
R max, Equilibrium 
Stimulus ml/min./gland constant 

Citric acid AY 2.63 
Sodium chloride adil 2.21 
Sucrose 23 1.45 
Quinine 34 1.53 


further clarification, we can only speculate as 
to the meaning of these findings. Pfaffman 
(1) recording action potentials in cat chorda 
tympani and glossopharyngeal nerves was 
able to isolate 3 types of single fiber prepara- 
tions. The first gave action potentials only 
when the tongue was stimulated with acid so- 
lution, the second responded only to acid and/ 
or sodium chloride solution, while the third 
reacted to citric acid and/or quinine. Recep- 
tors for sugar were not usually found. Thus 
acid was a stimulus for all gustatory nerve 
endings while sodium chloride and quinine af- 
fected only certain types. In essence the 3 
types were acid-salt, acid-quinine and pure 
acid fibers. In our investigation stimulation 
of the 3 primary modalities associated with 
fibers from the chordatympani which sub- 
serve, the sensation of taste in anterior two- 
thirds of tongue (acid, salt, and sweet) re- 
sulted in different responses as evidenced by 
equilibrium constants (K) for the gustato- 
salivary reflex. Although the bitter sensation 
is mediated, for the most part, through the 
glossopharyngeal nerve the equilibrium con- 
stant for quinine was similar in magnitude to 
that evidenced with sucrose. These findings 
appear to indicate that at least 3 different 
gustato-salivary reflex pathways are involved. 
Whether the difference lies merely in type of 
receptor ending stimulated, or depends also on 
different fiber types present in the gustatory 
nerve trunks cannot be discerned. However, 
it is believed that the procedure described 
herein offers a practical means of studying 
the physiology of human gustation and the 
mechanisms controlling salivary secretion. 


Summary. Parotid gland secretion rate was 
employed for measuring human response to 
gustatory stimuli. Flow rate had a linear re- 
lationship to logarithm of frequency of stimu- 
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lation (swabs/min). Increasing concentra- 
tion of gustatory stimuli resulted in increased 
rates of secretion. The response was linear 
throughout for sucrose and quinine, but with 
citric acid and sodium chloride it was linear 
only with lower concentrations. Mathemati- 
cal expression of relationship between glandu- 
lar secretion rate and frequency of stimulation 
permitted calculation of maximal response and 
reflex equilibrium constants for the various 
stimuli employed. Results indicated that at 
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least 3 different gustato-salivary reflex path- 
ways were involved. 
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Reduction and demethylation of certain 
azo dyes by rat liver microsomes have been 
increased by administration of such carcino- 
genic hydrocarbons as 3-methylcholanthrene 
and 3, 4 benzpyrene(1). The evidence is that 
induced enzyme synthesis occurs in these 
cases. Recently, increases in other hepatic 
microsomal enzyme activities have been ob- 
tained with several other classes of chemical 
compounds(2,3). The present article deals 
with data which suggest that urethan (ethyl 
carbamate) may similarly induce increases in 
activity of certain enzyme systems. Urethan 
is of particular interest owing to its cancer 
chemotherapeutic activity and carcinogenic 
activity. 

Materials and methods. Sleeping times 
were measured in Swiss albino mice (20-35 g). 
Experimental groups were pretreated with 
urethan or 3-methylcholanthrene. After a 
definite time (in most cases 24 hours), these 
and control groups were given hexobarbital, 
sodium, and their sleeping times determined 
as duration of loss of righting reflex. Mice 
were considered asleep unless they could right 
themselves 3 times in one minute. Signifi- 
cance of the difference between sleeping times 
of control and experimental groups of mice 


* Supported by an Institutional Research Grant 
Am. Cancer Society. 


was assessed by the “t” test. For determina- 


. tion of effect of urethan on hexobarbital body 


concentrations, the experimental mice were 
treated with urethan (1200 mg/kg, i.p.) and 
followed in 24 hours by hexobarbital sodium 
(150 mg/kg, i.p.). All drug solutions were of 
such concentration that .01 ml was given for 
each 1 gram body weight. Control mice re- 
ceived hexobarbital only. Determination of 
total body hexobarbital was done one hour 
after hexobarbital administration by homoge- 
nizing each mouse with 4 times its weight of 
water in a Waring Blender. Four ml of ho- 
mogenate were extracted with chloroform by 
method similar to that of Axelrod et al.(4), 
except that the final NaOH extract of chloro- 
form was immediately adjusted to pH 10.3 
with KHCOs and read at 245 my» in the Beck- 
man DU spectrophotometer. 

Results. In Table I pretreatment with ure- 
than shortens hexobarbital sleeping time. 
Thus, if urethan is given 24 to 48 hours pre- 
vious to hexobarbital, mean hexobarbital 
sleeping time is decreased from 41 to 31 min- 
utes. This effect of urethan is largely gone by 
72 hours. If the interval is only 12 hours be- 
tween urethan and hexobarbital administra- 
tion, sleeping time is prolonged beyond con- 
trol levels owing possibly to persistence of 
CNS depressant effect of the urethan. 

The most striking effects in shortening 
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TABLE I. Urethan on Hexobarbital Sleeping Time 


(S.T.): Effect of Pretreatment Time. 
Pretreatment Mean hexobarbitalt 
with urethan* Shilh Se Solos iain, 1B 
Control (20)4 40.9 + 1.7 
12 hr (20) 86.6 + 6.3 OOL 
24 (19) 31.5+1.1 fs 
48 (20) aie 25 2 
ie, (18) 36.5 + 2.5 2 


* 1200 mg/kg, i.p. 
of mice used. 


t 150 mg/kg, i.p. t No. 


hexobarbital sleeping time were observed 
when 1200 mg/kg urethan was administered 
24 hours previous to hexobarbital (Table IT). 

In Tables I and II, a difference is noted in 
control sleeping times which occur with dif- 
ferent batches of mice. Thus, controls were 
always tested with experimental group(s). 
That different batches of mice frequently yield 
variable results and therefore necessitate sepa- 
rate controls has been emphasized by others, 
for example Brown(5). 

Since there existed the possibility that the 
vehicle for drug solution may have had ef- 
fect, water and oil pretreated (24 hour, i.p.) 
mice were compared against untreated con- 
trols. These pretreatments had no significant 
effect (water, .01 ml/g, p= .8; oil, .01 ml/g, 
p — .9). As seen in Table III, shortening ef- 
fect on hexobarbital sleeping time was ob- 
tained whether urethan was given i.p., s.c., or 
p.o. 

The data for 3-methylcholanthrene indicate 
that it is qualitatively similar to urethan as 
regards effects on hexobarbital hypnosis. Pre- 
treatment with 3-methylcholanthrene (30 mg/ 
kg, ip. in sesame oil; 24 hours) shortened 
hexobarbital (150 mg/kg, i.p.) sleeping time 
trom 30.3! 22 353)t0.37.7. = 1.3 minutes (n= 
01). 


TABLE II. 


Urethan on Hexobarbital Sleeping 
Time: 


Effect of Dose of Urethan. 


Urethan dose,* Mean hexobarbitalt 


mg/kg, i.p. S.T. +/S.E., min. le 
0 65.6 + 2.0 
150 53.1 + 3.8 01 
300 56.5 + 5.2 10 
600 49.0 + 6.0 .02 
1200 39.0 + 2.3 001 
2400 61.0 + 5.2 A 


* Administration 24 hr before hexobarbital, 10 
mice/group. 
t 150 mg/kg, i.p. 
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The hexobarbital body concentrations in 
urethan-treated mice were lower than controls 
receiving hexobarbital alone. For the 9 ure- 
than treated mice, the mean hexobarbital con- 
centration was 36.4 + 4.8 mg/kg as com- 
pared to a mean of 64.9 + 7.3 mg/kg for the 
12 control mice (p = .01). These data corre- 
late well with data on the shortening of sleep- 
ing time produced by the urethan. 

Discussion. The effects described suggest 
that urethan has the ability to increase in cer- 
tain enzymes necessary for hexobarbital bio- 
transformation. That is, the shortening of 
hexobarbital effect by urethan may be due to 
increased rate of hexobarbital biotransforma- 
tion. It is unlikely that enhanced excretion 
of hexobarbital is responsible for the lowered 


TABLE III. Urethan on Hexobarbital Sleeping 


Time: Effect of Route of Administration of Ure- 
than. 

Pretreatment* Mean hexobarbitalt 12 
Water, 1.p. Gor 68.5 + 4.3 

Urethan,i.p. (10) 45.8 + 4.8 OL 
Water, s.c. ( 8) 66.7 + 3.4 

Urethan, s.c. (10) 41.5 + 4.2 O01 
Water, p.o. Gap) 63.5 + 3.5 
Wrethaniyp: ono) 40.9 + 5.9 OL 


* Administered 24 hr before hexobarbital. Water, 
.01 ml/g; urethan, 1200 mg/kg. 

+ 150 mg/kg, ip. 

t No. of mice used. 


hexobarbital levels. Except for initial urina- 
tion and defecation at time of hexobarbital 
administration, little if any further urination 
or defecation occurs during the one hour pe- 
riod. Since the whole mouse is homogenized, 
any hexobarbital present in the bladder or 
gastrointestinal tract would be included in the 
total hexobarbital level. Since it is known 
that liver is the primary organ for hexobarbi- 
tal metabolism(6) this effect of urethan is 
probably mediated in the liver. Since 3- 
methylcholanthrene increases liver microso- 
mal enzymes(1,3), studies of mutual interac- 
tions of urethan, 3 methylcholanthrene and 
hexobarbital are indicated as interesting areas 
for further work. 


Summary. Urethan pretreatment shortens 
hexobarbital sleeping time and lowers hexo- 
barbital body levels in mice. These results 
suggest that urethan increases rate of bio- 
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transformation of hexobarbital in mice. 
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The assumption that the remarkable in- 
crease in mitotic activity associated with some 
stages of restoration of liver tissue after par- 
tial hepatectomy of rats is mediated by hu- 
moral factors has been supported by findings 
obtained after injection of serum from hepa- 
tectomized animals(1-3) and by results of 
parabiosis experiments(4-6). Changes in 
plasma and serum proteins of rats after partial 
hepatectomy have been investigated(7-11). 
During our studies on effects of injections of 
serum and serum fractions on mitotic activity 
and liver regeneration (to be presented later), 
we found it desirable to obtain base values 
correlating changes in mitotic activity with 
those of serum proteins following partial 
hepatectomy. 

Methods. Rats of inbred Lewis strain, with 
average age of 68 days, were used. Weight 
of male animals was 212 + 43 g, of females 
182 + 23 g. Blood specimens were obtained 
by cardiac puncture with needles and syringes 
coated with ‘‘Siliclad,” to minimize hemolysis. 
Serum paper electrophoresis was carried out 
in Spinco model R instrument using 0.09 M 
veronal buffer at pH 8.65. Runs were carried 
out at room temperature with serum quanti- 
ties of 0.013 to 0.015 ml and continued until 
satisfactory resolution of components was 
achieved. Average distance between distant 
ends of gamma globulin and albumin approxi- 
mated 13 cm, requiring, as a rule, application 


* Supported by grant from Ill. Div. of Am. Cancer 
Soc. and Helen Ecker Cancer Soc. 


of a potential difference of 120 volts for ap- 
proximately 21 hours. Total protein was de- 
termined by digestion of an aliquot of serum 
and subsequent Nesslerization(12). At time 
of sacrifice, suitable tissue blocks were fixed in 
buffered formalin from which 6 » thick sec- 
tions were stained with Harris hematoxylin- 
eosin. In these slides mitotic activity was es- 
timated by the method of Chalkley(13). Nu- 
clei of liver cells were used as points of refer- 
ence, and mitoses encountered as “hits” from 
scanning 500 nuclei were recorded for each 
section of liver tissue. 

Results. In addition to 10 controls, 100 ani- 
mals, evenly divided between males and fe- 
males, were placed into 10 groups of iO ani- 

nals (5 males and 5 females), tested at one 
of 10 time intervals, the earliest being 6 hours 
after operation, the others as indicated in Fig. 
1. Six animals of each group were subjected 
to partial hepatectomy according to procedure 
of Higgins and Anderson(14) while the re- 
maining 4 were subjected to sham operations, 
i.e., laparotomy and exposure of liver followed 
by closure of wound. Operations were carried 
out under ether anesthesia. With few excep- 
tions surgery as well as sacrifice took place 
between 9 and 11 a.m., to avoid any fluctua- 
tions due to diurnal changes of mitotic activ- 
ity(15). Animals were sacrificed at stated 
time intervals immediately after blood was 
obtained by cardiac puncture. Total body 
weights and weights of livers were recorded. 
After coagulation of blood specimens, serums 
were obtained by centrifugation for 5 minutes 
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FIG. 1. Analytieal data from hepatectomized and 

sham-operated rats. Each point represents mean of 

6 partially hepatectomized or 4 sham-operated rats. 

Bach of these groups comprised equal numbers of 

male and female animals. 


at 600 x g. Preliminary hemoglobin deter- 
minations were carried out on all serum speci- 
mens; those containing more than 60 mg/100 
ml were rejected and additional animals were 
tested. Determination of serum. bilirubin 
indicated, as expected, moderate impairment 
of liver function after hepatectomy or sham- 
operation, with complete recovery not oc- 
curring during experimental period of 2 weeks. 

Fig. 1 shows results of assays of total pro- 
tein and protein fractions, as well as changes 
in body weight, and mitotic activity. The 
drop in body weight resulted most probably 
from dehydration. It was less pronounced in 
sham-operated animals and animals in both 
groups regained their original weights during 
observations of 2 weeks. Total serum protein 
values dropped immediately after hepatec- 
tomy and, to a lesser extent, also after sham 
operation. 

The following comments may be made re- 
garding changes in individual protein frac- 
tions: 

(1) Albumin. This fraction reached its 
lowest concentration about 5 days after he- 
patectomy or sham operation and _ subse- 
quently tended to rise toward normal levels. 
In general, the behavior of albumin paral- 
leled approximately that of total serum pro- 
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tein. The changes were more pronounced 
after hepatectomy than after sham operation. 

(2) Globulins. In hepatectomized as well 
as in sham-operated animals there was a rise 
in globulins, with hepatectomized animals af- 
fected to a greater degree. However, at least 
in the initial first 2 days this might have been 
due in part to changes in total blood volume. 
The most important changes were observed in 
the beta-globulin fraction. In hepatectomized 
animals this fraction tended to increase up to 
60% beyond the values in controls, being most 
pronounced between third and ninth days 
after operation. 

In sham-operated animals these changes 
were similar but of lesser magnitude. Other 
changes included an occasional separation of 
alphay-globulin fraction into 2 subfractions. 
This separation was not connected with pres- 
ence of hemoglobin. In sham-operated ani- 
mals a similar phenomenon was less _pro- 
nounced. 

Although changes in globulins tended to be- 
come less apparent toward end of experi- 
mental 2 weeks, their return to normal was 
not completed during this period. 

In accord with well established data in the 
literature, mitotic activity reached its maxi- 
mum between second and third day after he- 
patectomy and gradually fell to low levels be- 
tween 5th and 7th day. A slight mitotic ac- 
tivity exceeding that occasionally found in 
sham-operated rats was observed in hepatec- 
tomized animals through the 11th day. 

Changes in serum proteins described, on the 
whole, conformed to those reported previously 
(7-11), although in some instances differences 
in methodology make direct comparison dif- 
ficult. Moreover, since these studies were de- 
signed to serve different purposes, comparison 
of changes in hepatectomized and sham-oper- 
ated rats is possible in only one of them(7). 
On the other hand, detailed analysis of serum 
protein fractions during a prolonged period 
after hepatectomy is available only in another 
of these studies(11), but without considera- 
tion of sham-operated animals. In this study 
the most prominent change observed was a 
rise in beta-globulins which followed a similar 
pattern as in our work. It should be empha- 
sized that in our own work, with the exception 
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of mitotic activity, all changes observed—drop 
of body weight, total protein level and albu- 
min, rise in globulin fractions, especially of 
beta-globulin—were present not only in hepa- 
tectomized but also in sham-operated rats 
with the former showing more pronounced 
changes than the latter. This makes it likely 
that these changes may, at least in part, be 
associated not only with liver regeneration but 
also with recovery from trauma and growth 
processes, such as those initiated by laparo- 
tomy incision. 

Summary. Changes in serum proteins and 
mitotic activity in the liver of Lewis rats were 
studied after partial hepatectomy or sham op- 
eration, at intervals of 6 hours to 15 days. A 
rise of beta-globulin fraction roughly paral- 
leled the rise in mitotic activity. Serum pro- 
tein changes in sham-operated animals showed 
a similar trend but were less pronounced. 


1. Friedrich-Freska, H., Zaki, F. G., Z. Natur- 
forsch., 1954, v9B, 394. 
2. Glinos, A. D., Gey, G. O., Proc. Soc. Exp. Biot. 


Effects of Reserpine on Adrenal Responses to Nicotine.* 


467 


AND Mep., 1952, v80, 421. 

3. Stich, H. F., Florian, M. L., Canad. J. Biochem. 
and Physiol., 1958, v36, 855. 

4. Christensen, B. G., Jacobsen, E., Acta med. 
scand., 1949, v234, 103. 

Ss BUCS H ING I, IR, Seon, I, Ja, WNoloy, I, Cay (Core 
cer Res., 1950, v10, 207; ibid., 1951, v11, 457. 

6. Wennecker, A. S., Sussman, N., Proc. Soc. Exe. 
Biou. ano Mep., 1951, v76, 683. 

7. Chanutin, A., Hortenstine, J. C., Cole, W. S., 
Ludewig, S., J. Biol. Chem., 1938, v123, 247. 

8. Roberts, S., White, A., zbid., 1949, v180, 50S. 

9. de Lamirande, G., Cantero, A., Cancer Res., 
1952, v12, 330. 

10. Emmrich, R., Petzold, H., Z. ges. exp. Med., 
1953, v122, 264. 

11. Garaffa, G., Rovati, V., Boll. Soc. Med. Chir. 
Pisa, 1955, v23, 124. 

12. Johnson, M. J., J. Biol. Chem., 1941, v137, 575. 

13. Chalkley, H. W., J. Nat. Cancer Inst., 1943-44, 
v24, 47. 

14. Higgins, G. M., Anderson, R. M., Arch. Path., 
1931, v12, 186. 

15. Jaffe, J. J., Anat. Rec., 1954, v120, 935. 


Received October 13, 1959. P.S.E.B.M., 1960, v103. 


(25560) 


E. E. BAGWELL, E. F. Woops AND J. A. RICHARDSON 
Dept. of Pharmacology, Medical College of South Carolina, Charleston, S. C. 


Small doses of nicotine injected into the 
thoracic aorta stimulate the adrenal medulla 
- resulting in marked increases in levels of cir- 
culating catechol amines along with corre- 
sponding increases in heart contractile force 
(1,2). Our experiments were designed to 
study effects of previous reserpine treatment 
on (a) responsiveness of the adrenal medulla 
to chemical stimulation and (b) reactivity of 
the cardiovascular system to endogenously re- 
leased catechol amines. 

Methods. All experiments were performed 
on open-chest bilaterally vagotomized dogs. 
A total of 10 control and 25 reserpinized dogs 
were injected intra-aortically with test doses 
of 10 and 20 pg/kg of nicotine (administered 
as .01% solution of the alkaloid). Control 


dogs were anesthetized with 30 mg/kg pento- 
barbital sodium intravenously while reser- 
pinized dogs, more sensitive to the anesthesia, 
were given only 15 to 20 mg/kg. Both groups 
were given supplemental doses as needed to 
maintain surgical state of anesthesia. Reser- 
pinet was given intramuscularly and daily 
dosages varied from .05 to 1 mg/kg of body 
weight for 1 to 7 days. Plasma levels of epine- 
phrine and norepinephrine. were determined 
by modification(3) of the fluorimetric method 
of Weil-Malherbe and Bone(4). Blood sam- 
ples were taken from indwelling polyethylene 
catheter placed in right femoral artery. The 
chest was opened by mid-line incision, and 
heart contractile force measured by suturing a 
strain gauge arch(5,6) directly to the surface 


* This investigation was supported by grants from 
Nat. Heart Inst. and South Carolina Heart Assn. 


t Serpasil generously supplied by CIBA Pharma- 
ceutical Products, Summit, N. J. 


468 RESERPINE ON ADRENAL RESPONSES TO NICOTINE 
TABLE T. Adrenal Medullary Stimulation Produced by Nicotine in Control and Reserpinized 
Dogs. 
Nicotine dos- Ileart force, Epinephrine, Norepinephrine, 


age, ue/ke % increase pg/lot plasma pg/lof plasma 
Control TOM LON 86.6 15.6 aie) 
20 ( 6) UBS) 46.6 8.8 
Reserpinized 10 (18) 99.6 4.7 + 2.5 
20 (16) 153.0 14.8t 4.7 


* No. of dogs in parentheses, 


of right ventricle. Blood pressure was meas- 
ured from the right carotid artery through a 
Statham transducer and recorded by strain 
analyzer and direct writing oscillograph from 
the Grass Instrument Co. Nicotine injections 
were made through polyethylene catheter 
passed up the left femoral artery into the 
thoracic aorta to a point just above origin of 
adrenal arteries. This enabled high concen- 
trations of nicotine to pass into the adrenal 
glands and minimized the amount introduced 
into the general circulation. Doses of nico- 
tine in these experiments (10 and 20 pg/kg) 
have been shown earlier to produce little or 
no effect when injected intravenously in in- 
tact animals or intra-aortically in adrenalec- 
tomized animals(2). 

Results. Table I summarizes maximum 
mean percentage increases in heart contrac- 
tile force and concentrations of epinephrine 
and norepinephrine during adrenal stimulation 
with nicotine. Ten ng/kg produced mean per- 
cent increase in heart force of 86.6% (S.E. + 
14.39) in normal dogs and 99.6% (S. E. + 
12.07) in reserpinized dogs. These differ- 
ences were not statistically significant (P> 
.1). Blood pressure responses followed a simi- 
lar pattern. However, on measuring plasma 
concentrations of epinephrine and _ norepine- 
phrine from blood drawn at peak of response, 
the mean level of epinephrine was 15.6 (+ 
4.5) pg/liter of plasma in normal dogs while 
mean level in reserpinized animals was only 
4.7 (+ 14) pg/liter. This difference was 
highly significant (P<.01). Norepinephrine 
levels were not significantly altered (P>.1). 

A similar pattern of response followed injec- 
tions of larger doses of nicotine. Table I 
shows that increments in heart force produced 
by 20 »g/kg were not substantially altered by 
pretreatment with reserpine, while a marked 
differentiation may be noted in amounts of 


+ Significantly different from control response (P <.01). 


epinephrine present in plasma (P<.01). 
Again, norepinephrine concentrations were not 
significantly elevated. 

Discussion. It is now generally known that 
reserpine depletes or reduces stores of catechol 
amines in such tissues as brain, arterial wall, 
heart, sympathetic nerve and adrenal medulla. 
Adrenals of the rabbit(7,8) and rat(9,10) are 
almost completely depleted of their amines, 
while the cat is more resistant and suffers only 
partial depletion with dosages of reserpine to 
2.5 mg/kg(11). Maling et al. have more re- 
cently shown that the amine content of dog 
adrenals is also markedly reduced(12). 

A question which has not been adequately 
studied is whether secretion of adrenal cate- 
chols, at rest and in response to stimulation, is 
diminished in proportion to reduction in tissue 
concentrations of these amines. Kroneberg 
and Schumann found that in rabbits the rest- 
ing concentration of epinephrine in adrenal 
vein blood remained at 50% of normal when 
the adrenals were nearly completely exes 
by reserpinization(7). 

Our experiments show that reserpine signifi- 
cantly decreases responsiveness of the adrenal 
medulla to chemical stimulation as indicated 
by smaller increments of plasma epinephrine 
in reserpinized dogs after nicotine injection 
(Table I). Since cardiovascular responses 
normally are proportional to levels of amines, 
it would be expected that changes in para- 
meters such as heart force and blood pressure 
would also be less marked in reserpinized dogs. 
However, in our experiments, it appears pos- 
sible that the cardiovascular system may be 
able to compensate for this diminution in 
adrenal responsiveness since heart force and 
blood pressure responses are not significantly 
different from those obtained in control dogs 
receiving the same doses of nicotine. 

The mechanism by which this compensation 
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occurs is not known. Consideration should 
be given to the fact that increased sensitivity 
of such parameters as heart rate and blood 
pressure to injected amines after reserpiniza- 
tion has been shown by several investigators 
(13,14,15,16). One may also speculate that 
the cardiovascular system becomes more sensi- 
tive to amines released by adrenal stimulation 
after reserpinization. However, a more de- 
tailed study needs to be made on sensitivity 
changes before conciusions can be drawn on 
this point. 

Summary. Increments in plasma levels of 
epinephrine resulting from nicotine stimula- 
tion of the adrenal medulla are markedly re- 
duced by reserpine. However, increments in 
heart contractile force and arterial blood pres- 
sure produced by adrenal stimulation, nor- 
mally proportional to catechol amine levels, 
are not significantly altered following reser- 
pine. 
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Evidence obtained by immunologic technics 
suggested that serum of patients with dis- 
seminated lupus erythematosus (DLE) con- 
tains several factors reacting with various nu- 
clear materials. Holman and Kunkel(1) and 
Friou(2) indicated that gamma globulin of 
such sera is bound to both nuclei and nucleo- 
protein, while Miescher’s studies(3) showed 
that nuclei of several sources can absorb from 
DLE sera the factor responsible for L. E. phe- 
nomenon, and also remove from such sera 
measurable amounts of gamma globulin. Clas- 


* Aided by grant from N.I.H. 
+ Fellow of Arthritis and Rheumatism Fn., 1958-59. 


sical precipitin curves have been obtained be- 
tween protein-free desoxyribonucleic acid 
(DNA) and DLE serum(4) while latex par- 
ticles(5) and red cells(6) coated with such 
material have been agglutinated by DLE se- 
rum. The reaction between highly polymer- 
ized DNA and the polyvalent cobalt salt hex- 
amminecobaltic chloride (Co(NH3) ¢Cls) re- 
sults in production of a clot of insoluble DNA. 
While studying this reaction, it was observed 
that DNA which had been treated with serum 
from patients with DLE, failed to clot, while 
normal serum had no such effect. The present 
paper deals with a simple method for demon- 
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stration of clot inhibition, and studies with a 
variety of sera are reported. 

Materials and methods. Hexamminecobal- 
tic chloride was prepared by the method of 
Bjerrum and McReynolds(7).+ Purity was 
established by nitrogen analyses and con- 
stancy of absorption spectrum upon reprecipi- 
tation, as well as by powder pattern X-ray dif- 
fraction. A 0.5% w/v aqueous solution was 
routinely employed, having absorbance of 
1.004 at 470 » in Beckman DU spectropho- 
tometer. Such solutions were prepared weekly, 
and showed little loss of DNA clotting activ- 
ity if stored at 4°C. Aqueous solutions of calf 
thymus DNA, stated to be highly polymerised 
and protein free’ (500 »g/ml) were prepared 
and stored at 4°C. Immediately prior to use, 
aliquots were diluted 1:1 with distilled water. 
Such preparations were assayed for relative 
viscosity at 37°C. Relative viscosity was 
4.45 + 0.10 in Ostwald viscosimeters with 
water-flow time of 92 seconds. Constant vis- 
cosity after addition of MgSO, to 0.005 M 
was presumed to indicate absence of desoxy- 
ribonuclease (DNase). Histone of calf thy- 
’ mus origin and protamine sulfate’ were pre- 
pared as 0.02% w/v serum solutions. Dried 
cartilage powder was prepared by homogeniz- 
ing 2 g of beef nasal septal cartilage in a Vir- 
Tis 45 mixer at top speed in 250 cc of abso- 
lute ethanol. The residue was washed 3 times 
each with absolute ethanol and ether, and then 
dried im vacuo over CaCle. Whole dried calf 
thymus and guinea pig nuclei were obtained 
through the courtesy of Dr. Peter Miescher. 
Pancreatic DNase||, 100,000 units, was dis- 
solved in 9 ml of 0.05 M tris (hydroxymethyl) 
aminomethane buffer pH 7.01. For activation 
of the enzyme, 1 ml of 0.1 M MgSO, was 
added, and resultant solution stored at 4°C 
prior to use. For routine testing, 0.4 ml of 
DNA (100 ug) were placed in small serology 
tubes, 0.5 ml of test serum was added with 
gentle agitation, and resultant mixture incu- 
bated at 37°C for 30 minutes. Thereafter, 
the tubes were brought to room temperature, 
0.2 ml of hexamminecobaltic chloride solution 


{ Generously supplied by Dr. Maxwell Schubert. 
§ Nutritional Biochemicals Corp., Cleveland, O. 
|| Lederle Laboratories, Pearl River, N. Y. 
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added, and the tubes vigorously tapped with 
the forefinger, setting the solution spinning. 
In all “negative” sera, an easily visible, 
strand-like clot appeared immediately. This 
was graded * to **** depending on quantity 
of the clot formed. In positive sera, mainly 
from patients with DLE, no such clot formed. 
Instead, a slightly turbid solution resulted _ 
upon addition of the cobalt salt. All deter- 
minations were made in duplicate. Known 
inhibitory and normal sera were tested with 
each group of unknown sera. In some experi- 
ments clot inhibition was tested with various 
concentrations of DNA. To test whether in- 
activation of serum DNase would affect clot 
inhibition, 6 inhibitory sera were heated at 
60°C for 30 minutes, prior to use. Patients 
diagnosed as DLE had signs and symptoms of 
that disease as well as positive L.E. cell prepa- 
rations by the method of Hargraves(8). Pa- 
tients diagnosed as probable DLE had similar 
signs and symptoms but did not have positive 
L.E. cell preparations. Sera were also obtained 
from 44 patients with rheumatoid arthritis, 2 
of whom had positive L.E. cell preparations. 
The inhibitory effect of protamine sulfate or 
histone was tested by adding 0.1 ml of 0.02% 
solutions of these materials to 0.5 ml samples 
of normal serum mixed with 0.4 ml of stand- 
ard DNA solution; the mixtures were incu- 
bated at 37°C, then 0.1 ml of a 1% w/v solu- 
tion of cobalt salt was added. Absorption of 
sera was tested with nuclei or whole cartilage 
powder by incubating 50 mg (dry weight) of 
these materials for 4 hours at 37°C with 1.0 
ml of serum; the mixture was centrifuged, and 
0.5 ml of the supernatant was used for clot 
inhibition studies. For enzyme studies, 0.05 
ml of DNase stock previously diluted 1:100 
with 0.9% saline solution was incubated with 
0.4 ml of 250 pg/ml DNA solution and 0.5 
ml serum samples for 30 minutes at 37°C. 
Similar solutions were prepared with addition 
of sodium versenate (EDTA) 0.75 mg/ml to 
inactivate DNase as controls. 

Results. Experiments summarized in Table 
I showed that in the presence of 0.5 ml of 
normal serum, at least 100 wg of DNA in 
aqueous solution were necessary before a clot 
appeared after addition of cobalt salt. 
Smaller amounts did not produce a visible 
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TABLE I. Hexamminecobaltic Chloride-DNA Clots 
in 0.5 ml of Serum (See Text). 


DLE serum Normal serum 


wg DNA in 


0.4ml1H,0 Loc. Ben. Nun. Rod. McC. 
25 0 0 0 0 0 
50 0) 0) 0 0 0 
100 0 0 0 Q4 ee 
150 0 0 0 Se ae 
200 1+ 0 3+ 4+ a 


250 2 a ee eee 


clot. When similar experiments were per- 
formed in the presence of 3 DLE sera, no clot 
was visible with less than 200 pg. Using the 
technic described above, 20 of 31 DLE sera 
were positive, 5 of 12 probable DLE sera 
were positive, and 9 of 139 miscellaneous sera 
were positive (Table II). These included 4 
sera from patients with convalescent hepa- 
titis, 2 from patients given protamine (see 
below) and one each from patients with diag- 
noses of uncomplicated cirrhosis, penicillin 
allergy, and hepatic decompensation. Sera 
from 6 of 44 patients with rheumatoid arth- 
ritis were positive. Sera from patients with 
hypergammaglobulinemia due to sarcoidosis, 
cirrhosis, hepatoma, myeloma, macroglobu- 
linemia or tuberculosis were negative. 

When 6 positive sera were heated at 60°C 
for one half hour to inactivate serum DNase, 
no change in their inhibitory property was 
noted. Such heating did not cause negative 
sera to become inhibitory. Frequent thawing 
and freezing of some normal sera caused them 
to inhibit clot formation, while turbid sera in- 
terfered with a clear end-point. Sera showing 
an absorbance over .150 at 600 pp in a Cole- 
man Jr. spectrophotometer were not em- 
ployed. Attempts to quantitate the reacting 
factor in DLE sera by dilution of whole sera 


TABLE II. Sera Inhibiting Hexamminecobaltic 
Chloride-DNA Clot Formation. 


DNA elot L.E. cell 
inhibition preparation 
Total Total 
Diagnosis Positive tested Positive tested 
Disseminated 20 oi 31 31 
lupus erythe- 
matosus 
Probable DLE 5 12 0 12 
Rheumatoid arth- 6 44 2 44 
ritis 
Mise. 9 139 0 9 
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were relatively unsuccessful. No inhibitory 
activity was observed at greater than 1:8 dilu- 
tions of several positive DLE sera. 

Studies of inhibition of clot formation 
(Table III) indicated that DNA which had 
been depolymerised by pancreatic DNase no 
longer formed a clot on reacting with hexam- 
minecobaltic chloride. This was true even in 
absence of serum, with saline used as diluent. 
When the action of DNase was inhibited by 
addition of EDTA, a clot readily formed. 
EDTA by itself had no effect upon clot forma- 


TABLE III. Hexamminecobaltie Chloride - 
Clot Inhibition by Test Substances.* 


Calf thymus DNA 
preparation 
in 0.4 ml H,O 


DNA 


Whole serum 


DLE, Loc. Normal, Rod. 


Polymerised 100 we 0 3+ 

Depolymerised with ” 0 0 
DNaset 

Polymerised (DNase ” 0 3+ 
+ EDTA) 


Absorbed with ealf thy- 
mus or guinea pig nuclei 
: 24 3+ 
Absorbed with cartilage 
powder 
a ey 0 38+ 
Protamine sulfates 
added to both sera 
” 9) 0 0 


Polymerised 


Calf thymus histone§ 
added to both sera 
” ” (0) 0 


* Clot formation graded + to 4+. Inhibition in- 
dicated: 0. 

+ Pancreatic DNase 10 units/ml + .005 m MgSO, 
for activation. 

t+ EDTA 0.75 mg/ml to inactivate DNase by 
binding Mg** ions. 

§ 0.1 ml of 0.02% w/v solution. 


tion or inhibition. When protamine sulfate or 
calf thymus histone were added to normal se- 
rum, clot inhibition similar to that observed 
with DLE serum was noted. If the specified 
concentrations were exceeded, these basic pro- 
teins formed DNA clots resembling those of 
cobalt salt in serum or saline. Incubation of 
positive DLE serum with whole calf thymus 
or guinea pig nuclei resulted in loss of inhibi- 
tory activity. To exclude a non-specific ef- 
fect of polyanion, cartilage powder as a source 
of relatively insoluble chondromucoprotein 
was used in similar incubation experiments. 
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No loss of inhibition resulted. In some DLE 
sera not giving a clot with DNA following ad- 
dition of the cobalt salt, there was precipitate 
after 12 hours of standing at 4°C. This pre- 
cipitate was no greater in those sera to which 
DNA and the cobalt salt had been added, than 
in those to which DNA alone had been. These 
precipitates, soluble in 1M NaCl, reacted 
strongly in capillary precipitin tubes with 
anti-human gamma globulin. Presumably 
these resembled the DNA-DLE gamma globu- 
lin precipitates described by Deicher e¢ al.(4). 

Discussion. ‘There are 2 possible explana- 
tions for DNA clot inhibition following the 
addition of hexamminecobaltic — chloride. 
Either the DNA could be depolymerised (as 
in the case of prior incubation with DNase) 
or the anionic groups of the polynucleotide 
could be linked by salt-like bonds to a factor 
in positive sera making these groups unavail- 
able to the polyvalent cobalt cation. The lat- 
ter possibility is supported by inhibition of 
DNA clot formation following addition of 
basic proteins like histone and protamine to 
normal serum. Failure of EDTA alone to 
block inhibition, and studies suggesting re- 
moval of the reactant from positive sera by 
incubation with calf thymus or guinea pig nu- 
clei argue against the enzyme theory. Soluble 
DNA-protein complexes derived from calf 
thymus nuclei do not yield clots upon addi- 
tion of hexamminecobaltic chloride, but do 
exhibit turbidities directly related to the 
amount of such complex present in solution. 
Since evidence from agglutination and pre- 
cipitin studies indicates that globulin bound 
to nuclear extracts may well be a true anti- 
body to such materials, it seems likely that 
formation of a soluble DNA-DLE serum com- 


Diets AND NITROGEN CONTENT HEPATIC MITOCHONDRIA 


plex prevents the polynucleotide from being 
precipitated in visible strands by cation. These 
observations resemble those of Lee(9), who 
used the agglutination of leukocytes by quina- 
crine as the phenomenon inhibited by DLE 
serum. The method described above deals 
with much more highly purified materials, has 
a more definite end-point, and seems of prom- 
ise in assaying discrete serum fractions. 


Summary. Normal sera do not inhibit the 
grossly visible clot formed by addition of hex- 
amminecobaltic chloride to aqueous solutions 
of calf thymus DNA. The sera of approxi- 
mately 66% of patients with DLE inhibit 
such clot formation. Prior treatment of DNA 
by active DNase also prevents clot formation, 
as does addition of histone or protamine to 
normal sera. The serum factor responsible 
for such inhibition is removed by prior incu- 
bation with whole calf thymus or guinea pig 
nuclei. 
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The aim of this work is to study whether an 
unbalanced dietary protein intake may cause 
changes in nitrogen content of the hepatic 


mitochondria. Previous observations(1) dem- 
onstrated that in normal rats fed protein de- 
ficient diet or fasted, some enzymatic activi- 
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TABLE I. Diet Composition. 


Normal 
balanced Hypopro-  Hyperpro- 
diet tein diet tein diet 


—————_ per 100 g ————___, 


Casein So 4 ¢ 40 g 

Rice starch 68 sQ 46 ° 

Olive oil 10 10 10 

Salt mixture (Os- 4 4 4, 
borne & Mendel) 

Wat. Ds 62 units 62 units 62°-units 
Peps 20° ¢ 20 ¢ 20 ¢ 
Thiamin 4mg 4meg 4mg 

Lactoflavin 8 8 8 
Pyridoxine 1.2 1.2 1.2 
Ca d-pantothe- 2 2 2 
nate 
Nicotamide 12 12 12 
P-aminoben- 120 120 120 
zoie acid 
Biotin MO) 20 g 20 ¢g 
Vit. 15M 6 4 [RSS 4 us 4 LS 
Folie acid 40 40 40 
Inositol 60 mg 60 mg 60 mg 


Choline 120 120 120 


ties of the hepatic mitochondria/mg of mito- 
chondrial nitrogen varied inversely with pro- 
tein intake. These data led to the hypothesis 
that protein deficiency may cause a reduction 
of nitrogenous material in mitochondria and 
that consequently it may not be always advis- 
able to relate enzymatic activity of mitochon- 
dria, to their nitrogen content, as is generally 
done. In our work mitochondria were counted 
to study the effect of fasting and of hypo- and 
hyperprotein diets on nitrogen content of each 
mitochondrion and on concentration of several 
enzymes/single mitochondrion and/mg_ of 
mitochondrial nitrogen. 

Materials and methods. Male Wistar rats 
about 90 days old were fed 3 different food 
mixtures (Table I). All animals received a 
weekly supplement of 350 units of Vit. A. At 
end of experiment, the animals were fasted 12 
hours and decapitated. The liver was quickly 
removed and the homogenate prepared at 0°. 
Mitochondria were separated from homoge- 
nate according to Schneider (2) in a solution of 
0.25 M sucrose and 0.01 M ethylenediamino- 
tetraacetic acid (EDTA), and washed 3 times 
in the same solution. The following activities 
were investigated: cytochrome-oxidase(3), 
succinic-oxidase(3), beta-hydroxybutyric-oxi- 
dase(3), ATPase(4). Nitrogen was deter- 
mined by Nessler’s reagent. Mitochondria 


TABLE II. Nitrogen Content and Enzymatic Activities. 


ATPase 


pmoles P/hr 


Mitochon- 
drion < 1075 


Hydroxybutyric oxidase 


Succinie oxidase 


Cytochrome oxidase 


mg N 


mg N 
930+ 69 


860+ 65 


Mitochon- 
drion’ 10s 


ul of O./hr 
Mitochon- 
mg N 


Chavon S< KOs? 


mg N 
+ .85 2000 + 122 


Mitochon- 
drion < 10° 


Nitrogen/ 
mitochondrion, 
mols 


No. exp. 


Diets 


oD 2 cD =H 
ood 


+4414 


SONOS 
Noiie ole ouive) 
miro) 


Tot 
Se19019 


+l + +1 + 


yy 
/ 


24 1500 + 155 


950 + 


= 
as 


+ .30 3200 + 186 


OO me LOOu = 28 


0+ 


.65 3320 + 190 


Normal 
Hypoprotein 
Fasting 
Hyperprotein 


i 
2. 
3 
4 


Statistical significance 


an op 
hemal teal he 
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were counted in a counting chamber using a 
phase-contrast microscope. 

Results. Table II shows results. The hy- 
poprotein diet caused marked reduction of 
nitrogen content without conspicuous decrease 
in enzymatic activities of single mitochondria. 
Fasting caused a very distinct decrease of ni- 
trogen content with simultaneous decrease of 
enzymatic activities of single mitochondria. 
However, since decrease in enzymatic activi- 
ties was smaller than decrease in nitrogen con- 
tent, activity/mg of mitochondrial nitrogen 
appears to have increased. The hyperprotein 
diet did not cause significant changes in mito- 
chondrial nitrogen content. On the other 
hand, it caused marked increase of cyto- 
chrome-oxidase activity/mitochondrion and/ 
mg of mitochondrial nitrogen. Other enzy- 
matic activities studied did not change sig- 
nificantly. 

Discussion. It is obvious that under suit- 
able experimental conditions the nitrogen con- 
tent of hepatic mitochondria may undergo 
conspicuous variations and that by means of 
suitable protein deficient diets it is possible to 
reduce mitochondrial nitrogen content without 
reducing activity of certain enzymes signifi- 
cantly. 

The results of these experiments suggest 
that hepatic mitochondria contain 2 nitrogen 
fractions with different functional character- 
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istics: an enzymatically inert labile fraction 
and an enzymatically active one. Protracted 
fasting causes greater decrease of mitochon- 
drial nitrogen and a much more pronounced 
fall of enzymatic activities, suggesting that, in 
this condition, there is significant loss of en- 
zymatically active nitrogen. This appears to 
be bound more firmly to the mitochondrial 
structure than the enzymatically inactive frac- 
tion, which can be reduced by protein deficient 
diet. The increased cytochrome-oxidase ac- 
tivity observed following the hyperproteic diet 
suggests that the portion of the enzyme which 
under normal conditions is enzymatically in- 
active, may become activated. Our results 
further suggest that in experimental condi- 
tions able to change the nitrogen content of 
mitochondria, the data concerning enzymatic 
activities should be reported in terms of single 
mitochondria, rather than in terms of mg of 
nitrogen, as it is usually done. 
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Intravenous estrogens in uncontrolled 
studies have been reported beneficial in cases 
of hemorrhage of various types including neo- 
natal(1), uterine(2,3), post dental extraction 
(4), nasal and post adenoidectomy(2,5), as 
well as rectal, gastric, and subarachnoid bleed- 
ing. However, the mechanism of reported 
hemostatic effect has not been adequately ex- 
plained. In dogs, Johnson(6) found eleva- 
tion of prothrombin and Ac-globulin as well 


as decrease of antithrombin following intra- 
venous Premarin.* Increased levels of pro- 
thrombin and prothrombin-conversion accel- 
erators have been found in late pregnancy (7). 
Thrombocytosis following estrogen injection 
was reported by Menger(2) but not seen by 
Jacobson(8) or Whittington(4). A sharp 
elevation of thrombocyte counts occurs just 

* “Premarin,” available from Ayerst Lab., consist- 
ing of a mixture of equine conjugated estrogens. 
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before ovulation (9,10), coinciding with the 
peak in estrogenic hormone levels. We have 
compared platelet counts before and after 
single intravenous injections of 20 mg of Pre- 
marin. 

Method and materials. Nine patients with 
lymphoma or chronic leukemia, who had 
thrombocytopenia either as manifestation of 
the disease or secondary to chemotherapy, and 
5 patients with normal platelet counts were 
studied. The experimental period lasted 4 
days. Each patient received 5 cc of physio- 
logical saline intravenously at 10 a.m. on first 
and fourth days. On second and third days, 20 
mg (5 cc) of Premarin was given intrave- 
nously at 10 a.m. Venous blood was with- 
drawn for platelet counting immediately be- 
fore, and 2 and 4 hours after, these injections. 
Patients ate lunch soon after the 2 hour sam- 
ple was obtained. In a few instances, patients 
could not be studied over 4 day periods and 
one of the control days was omitted. Silico- 
nized syringes, needles, and blood containers 
were used. Syringes were moistened with 
heparin solution for anticoagulation. Platelet 
counts were performed in duplicate within 1 
hour of drawing blood samples by the same 
technician, using a modification of hemocy- 
tometer with phase microscopy method of 
Brecker, Scheiderman and Cronkite(11). Re- 
producibility of this method was more satis- 
factory than with indirect methods for count- 
ing platelets. Hematocrit and WBC deter- 
minations were performed on all samples as 
additional check of technic. 

Results. Patients with initial platelet 
counts under 100,000/emm (ranging from 
12,700 to 80,000/cmm) and those with counts 
over 100,000/cmm (ranging from 182,000 to 
360,000/cmm) were grouped separately. Re- 
producibility of counts was satisfactory. 
There were no consistent variations between 
the 2 control days or the 2 treatment days. 
Percentage deviations from pre-injection val- 
ues after 2 hr and 4 hr were calculated. Mean 
changes and their standard errors, for both 
groups of patients, are shown in Fig. 1. It is 
evident that there was no significant differ- 
ence between effects of saline and Premarin. 

No significant variations in white blood cell 
counts or hematocrit were seen. 
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FIG. 1. Response of thrombocytopenic patients 

and patients with normal platelet counts to intrav. 

normal saline and Premarin inj. Vertical bars rep- 
resent stand. errors of percentage changes. 


On control days of saline injections, a slight 
increase of platelet counts occurred in the 
thrombocytopenic group, but no change was 
noted in the group with normal platelet 
counts. On treatment days, platelet counts 
increased slightly during first 2 hours after 
Premarin injection. This elevation was main- 
tained for the 4 hour study period in the 
thrombocytopenic group but returned to rest- 
ing values in patients with normal counts. 


Change of platelet counts from !0 a.m. to 
2 p.m. after saline injection may reflect part 
of a diurnal variation, since such variations of 
thrombocytes have been observed. Matis and 
Gross(12) found a significant increase in 
platelet counts during the late afternoon in 
subjects on normal routines. On the other 
hand, Ivanitzky and Klimova(13) observed a 
decrease in numbers of circulating platelets 
under these conditions, with disappearance of 
this variation during a 24 hour fast. The vari- 
ations in the present study appear to parallel 
those described by Matis and Gross; however, 
the changes in Fig. 1 are not statistically sig- 
nificant at the 5% level of probability. Al- 
though diurnal variation is suggested, our 
study revealed little or no change in thrombo- 
cyte counts from day to day. Since the life 
span of platelets is between 3 and 10 days 
(14), a day to day increase in thrombocyte 
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counts would have been expected if Premarin 
mediated an acute release of new platelets 
from bone marrow. 

Summary. Administration of mixed natural 
estrogens (Premarin) intravenously to 5 pa- 
tients with normal platelet counts and to 9 pa- 
tients with thrombocytopenia did not produce 
a significant change in thrombocyte counts of 
peripheral blood, as compared to saline injec- 
tions in the same patients. Premarin appears 
to be of no value in controlling bleeding due 
to thrombocytopenia. 
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In vitro Effect of Vicia faba Extracts upon Reduced Glutathione of 


Erythrocytes. 


(25564) 


Deryck G. WALKER AND JAMES E. BowMAN_ (Introduced by James A. Halsted) 
Dept. of Biochemistry, Faculty of Medicine, University of Shiraz, and Dept of Pathology, 
Shiraz Medical Center, Nemazee Hospital, Shiraz, Iran 


Glutathione (GSH) stability test of eryth- 
rocytes and other technics indicated that the 
basic abnormality in persons sensitive to pri- 
maquine, other drugs, and to fava bean (Vicia 
faba) is due to the same genetically deter- 
mined erythrocytic defect(1). Destruction of 
GSH both im vitro and in vivo is caused by 
primaquine, phenylhydrazine, aniline, hy- 
droxylamine, nitrofurantoin, a and 6 naph- 
thol, a and 8 naphthoquinone, and certain Vit. 
K derivatives(1). Although extracts of Vicia 
faba have been reported as not destroying red 
cell GSH in vitro(2), in the present study cer- 
tain effects of Vicia faba extracts on GSH of 
erythrocytes have been observed. 

Materials and methods. Preparation of 
Vicia faba extract (VFE) was based upon the 
technic of Dunsford and Bowley(3) for plant 
hemagglutinins. Fresh beans were soaked in 
excess of water at 18 to 20°C for 12 to 18 
hours. Remaining water was then drained 
off. The beans were macerated in Waring 


blendor for about 1 minute. Two volumes of 
0.9% sodium chloride solution were added to 
1 volume of macerated material. After mix- 
ing and standing 1 hour, the mixture was fil- 
tered through several layers of fine mesh 
gauze. The filtrate, which still contained a 
small amount of sediment, was collected into 
convenient lots and stored at —20°C until re- 
quired. Full activity remained for at least 
3 months. Three volumes of blood were 
added to 1 volume of standard ACD solution. 
The hematocrit of these suspensions was 
measured. For preliminary experiments, 
blood from persons of known response to 
GSH stability test was used. Survey bloods 
were taken from random selection of mem- 
bers of the Mamassani tribe of Southwestern 
Iran. Reduced glutathione (GSH) measure- 
ments and GSH stability test with acetyl- 
phenylhydrazine (APH) were performed as 
described by Beutler(4). For testing effect 
of VFE, 0.5 ml of the extract was added to 1 
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TABLE I. Effect of APH and VFE on 113 Blood 
Samples from Members of the Mamassani Tribe. 


No. of 


subjects Treatment Mean GSH* 


Nonsensitive 55 


None 61.2 + 10.7 

males APH 60.2 + 12.1 
VEE 51.5 + 12.5 

Sensitive 14 None 42.0+ 7.4 
males APH 69+ 3.8 
VEE 14.1 + 2.7 

Nonsensitive 41 None 72.8 + 16.8 
females APH 66.0 + 16.7 
VEE 56.9 + 12.5 

Sensitive 2 None 63.2 + 12.3 
females APH 168+ 4.9 
VFE 26.6+ 6.3 


* GSH in mg/100 ml red blood cells + stand. dev. 


ml of oxygenated blood and incubated at 
37°C in water bath for desired time with oc- 
casional shaking. Since volume of extract 
used was not in excess of 1 ml, no attempt was 
made to change volumes of reagents required 
for hemolysis and protein precipitation from 
those normally used in GSH stability test. 
However, calculations were corrected for in- 
crease in volume after protein precipitation. 
Results. Preliminary experiments indicated 
that when blood from sensitive persons was 
incubated with VFE there was a fall of GSH 
in red blood cells. A lesser fall in GSH was 
observed with blood from nonsensitive individ- 
uals. Virtually all GSH decrease occurred 
within 10 minutes. No hemolysis was noted. 
Dilution of VFE diminished its effect on GSH 
so that, with 1:10 dilution, distinction be- 
tween sensitive and nonsensitive bloods be- 
came negligible. Jn vitro effect was further 
shown by performing parallel incubations with 
APH for 2 hours and VFE for 30 minutes on 
113 blood samples (Table I). WFE had a 
lesser effect on GSH of erythrocytes of sensi- 
tive persons than APH and a greater effect 
than APH on _ nonsensitive erythrocytes. 
Using less than 30 mg GSH/100 ml rbe as a 
criterion of sensitivity(5), the 2 agents gave 
anomalous results in 3 cases. Two males, non- 
sensitive with APH (post-incubation levels of 
42.1 and 42.7 mg GSH/100 ml rbc), gave val- 
ues after incubation with VFE of 28.3 and 
28.8 mg GSH/100 ml rbc respectively. One 
female, sensitive with APH (post-incubation 
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level of 22.4 mg GSH/100 ml rbc), had 33.7 
mg GSH/100 ml rbe after incubation with 
VFE. Finally, extracts of beans boiled for 
1% hours were prepared as for fresh beans. 
There was no significant effect on GSH with 
these extracts. 


Discussion. The mechanism of hemolysis 
on exposure to fava bean still is not explained 
(2). This bean is widely grown and com- 
monly eaten in Iran. We have shown(6) that 
approximately 8% of Moslems in Iran are 
sensitive with the GSH stability test; yet 
fewer cases of favism are seen than might be 
predicted from this figure. Many of our sen- 
sitive subjects eat the bean regularly without 
noticeable effect. Furthermore, persons with 
symptoms of favism gave histories of previous 
ingestion without illness(2). Since favism 
usually follows ingestion of fresh beans(7), 
their preparation may influence the nature 
and severity of hemolysis. Although we 
showed a direct in vitro effect of VFE on 
erythrocytes GSH, we can not exclude evi- 
dence for allergy in addition to the genetic 
erythrocytic defect(2). Determination of the 
chemical nature and properties of the agent 
in our extract may clarify the pathogenesis of 
favism. 

Summary. A heat labile extract of Vicia 
faba was prepared which, like APH, lowered 
the reduced glutathione of erythrocytes of 
sensitive individuals. 
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Occurrence of Hemorrhagic Centrolobular Liver Necrosis in Protein 


Deficient Rats.* 


(25565) 


Max WACHSTEIN AND RUTH SCHWARZ 
Dept. of Pathology, St. Catherine’s Hospital, Brooklyn, N. Y. 


During study of the pancreas of rats on 
synthetic but otherwise complete protein- 
deficient diets, changes in several organs were 
observed, particularly occurrence of centro- 
lobular necrosis in livers of some animals. The 
important relationship of dietary liver cell 
necrosis for development of permanent liver 
damage has been recently emphasized by 
Bras, Goldblatt and Gyorgy(1). For this 
reason, and also because central hemorrhagic 
necrosis is quite commonly found in livers of 
animals given dl-ethionine, a presumed me- 
thionine antagonist, a more detailed investi- 
gation in the incidence of this lesion in com- 
plete and partially protein-deficient rats was 
made. The influence of added cystine and 
methionine was also studied. 

Material and method. Young male rats of 
Wistar strain weighing 120-170 g were divided 
into 9 groups. They were given a basic pro- 
tein-free diet which contained corn starch 
70%, vegetable oil 10%, cellulose 15%, cod 
liver oil 1% and salt mixture U.S.P. No. XIV. 
Vit. supplements/kg of food were added as 
follows: Vit. A concentrate 20,000 U, Vios- 
terol 11,000 U, Inositol 110 mg, alpha-toco- 
pherol 110 mg, choline chloride 1.65 g, Mena- 
dione 49 mg, para-amino benzoic acid 110 mg, 
niacin 100 mg, riboflavin 22 mg, pyridoxine 
22 mg, thiamine 22 mg, calcium pantothenate 
66 mg, biotin 0.44 mg, folic acid 2 mg, Vit. 
By» 0.03 mg. Group | received the basic pro- 
tein-free diet while Groups 2 to 8 received 
various food supplements in addition (Table 
I). In Group 9, 60% of vegetable fat (Crisco) 
was substituted for equivalent amount of 
starch in diet which contained 7.5% casein. 
Rats were weighed and sacrificed after 43 to 
55 days. Slices of liver, kidney and pancreas 
were fixed in Bouin’s solution as well as in 
10% formalin and stained with hematoxylin- 
eosin. Iron and fat stains were done when in- 
dicated. Necrobiotic changes which occurred 
in many livers were graded as follows: ++ 


* Supported by a grant from Vitamin Fn., N. Y. 


when only isolated cells in close vicinity to 
the central vein were involved, and +-1 when 
necrosis of from 1 to 2 rows of cells occurred. 
More extensive lesions were classified as +2. 
The severest degree of central necrosis in- 
volved to one-half of lobe was considered +3. 

Results (Table I) - Group 1. Typical mi- 
croscopic changes of protein depletion as de- 
scribed by various investigators(2,3,4) were 
seen in the liver of 60% of the rats. Liver 
cells appeared large and swollen. The cyto- 
plasm appeared vacuolated and rarified due 
to considerable decrease of basophilic gran- 
ules, while cell membranes stained promi- 
nently. The nuclei lost their vesicular appear- 
ance and became somewhat hyperchromatic. 
The sinusoids were narrow and often com- 
pletely compressed. Fatty changes were also 
frequently observed. In addition, a centrolobu- 
lar necrosis graded +1 to +3 was seen in 
about % of all animals. This necrosis was 
accompanied by fresh hemorrhages in central 
areas. The extension of such hemorrhages 
was in most instances proportional to necrotic 
damage. However, some livers presented ex- 
tensive hemorrhages with minimal necrosis 
and vice versa. Infiltration by lymphocytes 
and large mononuclear cells was sometimes 
observed in necrotic areas. Occasionally iron 
containing histiocytes was seen, obviously in- 
dicating older hemorrhages. 

Group 2. Liver cells showed a similar de- 
gree of rarifaction of the cytoplasm, as ob- 
served in Group 1. There was no significant 
difference in regard to incidence and severity 
of the centrolobular necrosis, since +1 to 
-++3 lesions were encountered in 55% of the 
animals. 

Group 3. Rarifaction of cytoplasm was 
seen in 2 out of 8 animals. Central necrosis 
judged +1 to +2 was present in 2 animals. 
No -+3 lesion was observed in this group. 
Mild fatty changes were present in 1 animal 
as minute fatty droplets without zonal dis- 
tribution. 
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TABLE I. Summary of Findings in Groups of Rats on a Protein-Free Diet with and without Various Supplements. 
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Group 4. Central necrosis was almost com- 
pletely absent since only 1 out of 13 animals 
presented a -+1 lesion. Typical cytologic 
changes of protein depletion were seen in only 
I case. Fatty changes were minimal in 2 
rats. 


Groups 5 and 6. These 2 groups can be 
discussed together as the effects on these diets 
were similar. Typical protein depletion 
changes in liver cells were observed in most 
animals. Fifty-seven and 79% respectively 
of livers showed +1 to +3 central necrosis. 
Fatty changes ranged from minute fatty drop- 
lets in occasional liver cells with or without 
zonal arrangement to severe fatty infiltration 
as large droplets in many liver cells, mainly 
affecting cells in periportal areas. 


Groups 7 and 8. No significant difference 
was seen in these 2 groups. Typical changes 
of protein depletion of liver cells were seen in 
both groups in 30% of the animals. Centro- 
lobular necrosis graded +1 to +3 was en- 
countered in 93% of rats in Group 7 and 86% 
in Group 8, accompanied by extensive recent 
hemorrhages. Fifty % of animals in both 
groups showed also histiocytes containing he- 
mosiderin pigment in the centrolobular areas. 
Mild fatty changes were seen in few animals, 
located chiefly in periportal and mid-zonal 
areas. 

Group 9. Fifty-eight % of rats presented 
central necrosis graded +1 to +3 with exten- 
sive hemorrhages. Fatty changes of liver cells 
were severe and observed in all animals. These 
fatty changes were limited to periportal liver 
cell cords but extended in several instances 
into mid-zonal areas. In contrast, cytoplas- 
mic vacuoles of liver cells due to protein de- 
pletion present in all instances were also ob- 
served in central areas. 

Discussion. On complete protein deficient 
diet liver cells show rarifaction of cytoplasm 
due to disappearance of their basophilic gran- 
ules, the so-called protein storage particles of 
Berg which are thought to be ribonucleic acid 
ageregates(4). In these livers increase in 
glycogen and lipids has been reported(4,5). 
In our material fatty changes varied from a 
very slight to a fairly marked degree. Rari- 
faction of cytoplasm and fatty changes were 
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not essentially influenced by addition of 2% 
casein while a supplement of 4% casein led to 
distinct improvement in the microscopic ap- 
pearance. When the diet contained 7.5% 
casein, liver cells were almost normal, pro- 
vided fat content was not unduly raised. If 
60% of carbohydrates were replaced by equal 
amount of fat in the diet, rarifaction of cyto- 
plasm, associated with severe fatty changes, 
was again noted(6). 

Centrolobular necrosis was present in rats 
on complete protein-free and 2% casein diet. 
There was a protective influence of 4, and 
more marked of 7.5% casein. Addition of 
methionine or cystine did not prevent the le- 
sions. Cystine even aggravated severity of 
centrolobular necrosis. This is probably due 
to a direct necrotizing effect of cystine(7,8). 

Few investigators have studied livers of rats 
on severely protein-deficient diets. Central 
necrosis was not found by Kosterlitz in rats 
on a protein-free diet to 28 days(4), or by 
Jaffe et al.(9), who kept their rats to 111 days 
on a diet containing only 2% protein. Centro- 
lobular necrosis was reported in some experi- 
ments containing 4 to 6% casein(10,11). 
However, these diets were deficient in Vit. E. 
Gyorgy and Goldblatt(12,13), fed as much 
as 18% casein, and observed a variety of he- 
patic lesions including central and mid-zonal 
necrosis. Addition of yeast or Peter’s eluate, 
however, completely prevented occurrence of 
these lesions. Massive necrosis of liver cells 
seen when highly purified casein or certain 
yeast proteins are fed, is obviously of differ- 
ent etiology, since it can be prevented by 
either of 3 well defined factors, including 
Vit. E(14). The very occasional occurrence of 
focal liver cell necrosis in a diet containing 9% 
casein, all essential vitamins and alpha-toco- 
pherol reported by Herrera e¢ al.(15) is in 
agreement with our findings of occasional 
necrosis in rats consuming sub-optimal 
amounts of protein. Centrolobular necrosis 
in combination with hemorrhages in a sub- 
stantial percentage of our animals on protein 
deficient diets is of considerable interest in 
view of the microscopically similar centro- 
lobular necrosis following administration of 
dl-ethionine. It is generally assumed that 
dl-ethionine acts as a methionine antagonist, 
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since addition of equimolecular amounts of 
methionine to the diet completely prevents 
ethionine lesions. Such a favorable effect of 
methionine was not seen in protein deficient 
animals. Other hepatic lesions which regu- 
larly occur in animals given ethionine, 2.e., 
characteristic proliferation of ‘‘ductular cells” 
and of regenerative changes were not seen in 
our animals(16,17). This again indicates that 
the ethionine lesion is probably of a complex 
nature and not only due to a conditioned me- 
thionine deficiency(18). Rats force-fed diets 
deficient in certain amino acids developed 
fatty infiltration, predominantly periportal in 
distribution, but not necrotic changes(19,20). 

Central necrosis has been described in to- 
tally starved mice(21). It is, however, un- 
likely that the changes in our rats were due 
to starvation, since they were also seen in 
rats given 7.5% casein and 60% fat. The 
majority of animals in this group lost no 
weight and some even gained weight. 

We previously described atrophic lesions 
of the pancreas on protein deficient diets and 
found that addition of 2% casein was with- 
out influence, while 4% casein or 1% methio- 
nine had a marked beneficial effect(22). In 
the present investigation, we again found con- 
siderable improvement on the 4% casein diet. 
However, we were unable to reproduce our 
previous finding of a beneficial effect of a 
methionine supplement. 

Summary. On a synthetic protein-free diet 
containing all other essential nutrients with 
or without a 2% casein supplement, the livers 
of young male Wistar strain rats show centro- 
lobular necrosis, often associated with hemor- 
rhages in about 50% of animals. Incidence of 
these lesions decreases when casein content of 
diet is increased. Addition of 1% methionine 
is of no influence, while 0.5% cystine often ag- 
gravates the severity and incidence of centro- 
lobular necrosis. The findings are dis- 
cussed with reference to hemorrhagic centro- 
lobular necrosis which occurs frequently after 
administration of ethionine, a supposed me- 
thionine antagonist. 
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Effect of Krebs-Ringer Medium on Muscle Contraction Jn situ in 
Adrenalectomized Albino Rats. (25566) 


SAUL M. SCHANBERG* AND I. A. Maccuit (Introduced by G. P. Fulton) 
Dept. of Biology, Clark University, Worcester, Mass. 


Although it is well established that adrenal 
cortical insufficiency is accompanied by re- 
duced ability for sustained muscle perform- 
ance im vivo, underlying mechanisms are not 
clearly understood. Tensile(1,2), electrical 
(2), or biochemical(3) properties of resting 
muscle are apparently not sufficiently altered 
in adrenal insufficiency to be implicated in 
any major way as direct targets of corticoid 
action. Nevertheless, corticoids normally may 
act directly on contractile processes to a lim- 
ited extent(4). Although weight of evidence 
(5,6,7,8,9) suggests that impaired muscle 
performance in vivo in adrenal insufficiency is 
related to well known accompanying circula- 
tory and cardiovascular disturbances(10,11), 
it is not certain whether these contribute di- 
rectly by acting on contractile processes or 
indirectly by interfering with circulatory ad- 
justments normally occurring under physio- 


* Currently U. S. P. H. S. Pre-Doctoral Fellow in 
Pharmacology, Yale Univ. School of Medicine, New 


Haven, Conn. 
+ Present address: Dept. of Biology, Boston Univ., 


Boston, Mass. 


logical demands for sustained muscular activ- 
ity. Whatever the underlying physiological 
mechanism, immediate cause of impaired mus- 
cle function may be consequential to inade- 
quate transport of metabolic substances vital 
to sustained muscle activity or to inadequate 
removal of toxic metabolites. The immediate 
importance of circulatory factors is suggested 
by the work of Ramey, Goldstein, and Levine 
(5) who have shown that differences in work 
performance im vivo of intact and adrenalecto- 
mized rats fatigued by swimming are not re- 
flected in diaphragm and oblique abdominal 
muscles isolated to nutrient medium. How- 
ever, in these studies differences in muscle 
work performance prior to isolation were as- 
sumed and not demonstrated. In the present 
paper we have obtained quantitative data 
from in situ experiments designed to demon- 
strate more definitively the effect of nutrient 
medium on muscle contractile capacity in 
adrenalectomized rats. 

Methods. Male Rockland-Sherman rats 
weighing approximately 200 g were bilaterally 
adrenalectomized or sham operated under 
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ether anesthesia and maintained postopera- 
tively on tap water and Purina Chow ad lib. 
Under sodium pentobarbital anaesthesia, the 
triceps brachii muscle was freed distally at 
insertion with minimal damage to nervous and 
vascular elements and attached in situ, via 
the tendon, to a muscle lever so that contrac- 
tions could be recorded with muscle immersed 
in oxygenated Krebs-Ringer phosphate me- 
dium (pH 7.4, 200 mg % added glucose, temp. 
24 + 2°C) contained in a chamber between 
muscle and recording lever. Muscle contrac- 
tions were recorded by the Everse-DeFremery 
method(12) with some modifications. The iso- 
lated muscle was after-loaded with 10 g 
weight and under constant tension stimulated 
tetanically by maximal  faradic stimuli 
through copper electrodes implanted in its 
proximal end. Each record was obtained by 
procedures of intermittent stimulation previ- 
ously described(12). Three separate records 
were obtained at 25 minute intervals for each 
test muscle: the first representing initial con- 
traction; the second corresponding to period 
of immersion in nutrient medium; and the 
third corresponding to period after removal 
from medium. Time intervals employed be- 
tween records were those wherein maximal ef- 
fects of immersion or removal of muscle from 
the medium were first observed. For descrip- 
tive and quantitative purposes, it has been 
assumed that, following initial fatigue, reduc- 
tion in peak amplitudes of the last 3 contrac- 
tion curves observed typically in each record 
(Fig. 1-4) is an index of recovery of muscle 
contractile capacity. By relating average 
peak height of these 3 curves to that of initial 
peak contraction, a relative value of recovery 
(expressed as percent) has been obtained for 
each record. Values thus obtained are inher- 
ently more uniform, since variations in con- 
traction heights resulting from differences in 
muscle mass, initial tension, and other vari- 
ables inherent in the recording method are in- 
variably reflected in amplitude of initial curve 
and are thus internally compensated. Finally 
blood hematocrit values and body weights 
were obtained for all animals immediately 
after obtaining the third record. 


Results. Adrenalectomized Rats. Five 


rats bilaterally adrenalectomized 5 to 11 days 
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FIG. 1. Representative kymographie recordings 
of contractile capacity in situ of triceps brachii 
muscle in adrenalectomized rats obtained at 25 
min. intervals without immersion of muscle in 
Krebs-Ringer medium. 

FIG. 2. Same as Fig. 1 except that second record 
was obtained after immersion of test muscle for 
25 min. in Krebs-Ringer medium and third record 
25 min. after removal “of bath. 

FIG. 3, Representative kymographie recordings 
of contractile capacity in sitw of triceps brachii 
muscle in sham operated rats obtained at 25 min. 
intervals without immersion of muscle in Krebs- 
Ringer medium. 

PIG. 4. Same as Fig. 8 except that second record 
was obtained after immersion of test muscle for 25 
min. in Krebs-Ringer medium and third record 25 
min. after removal of the bath. 


previously and showing overt signs of moder- 
ate adrenal insufficiency were tested as de- 
scribed above without subjecting muscles to 
Krebs-Ringer medium. Fig. 1 shows repre- 
sentative records which demonstrate that re- 
covery of muscle contraction is impaired fol- 
lowing adrenalectomy. In 7 rats prepared as 
above, the muscle was immersed in Krebs- 
Ringer medium for 25 minutes immediately 
after completion of first record and prior to 
obtaining the second record. The medium 
was chen removed, and the third record ob- 
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TABLE I. Recovery in Contractile Capacity of the In Situ Triceps Brachii Musele Preparation of Intact 
and Adrenalectomized Male Albino Rats. 


% recovery in muscle con- 


No. of Mean Blood traction 
Muscle No. of days post- change in hemato- Ist 2nd 3rd 

Procedure treatment rats operative body wt erit record record record 
Sham operation None 6 8 +35 40 + 4* 63.8* 46.9 43.2 : 

seh ae Wel se WKS 

Idem Krebs-Ringer 6 8 +27 444 4 65.3 46.0 33.8 

Se 11s) 7 +92 +9.4 

Adrenaleetomy None 5 9 =29 5l+4 17.9 11.8 4.5 

S229 5 Sas 0iS tbsp: 

Idem Krebs-Ringer 7 7 = 2M 52 + 3 19.2 49.9 3.9 

ssl sedi ~ se 5) 

Adrenalectomy None 2 9 +29 39 o2.7 23.5 


(no evident in- 
sufficiency ) 


* Mean + S.D. 


tained after 25 minutes. Fig. 2 shows that in 
adrenalectomized rats recovery of muscle con- 
tractile capacity is restored to normal fol- 
lowing in vitro exposure of test muscle to 
Krebs-Ringer medium, but falls below pre- 
immersion levels upon subsequent removal of 
the medium. 


Sham operated rats. Duplicate control ex- 
periments were performed with sham operated 
rats after postoperative recovery periods ap- 
proximating those of the adrenalectomized 
group. Muscle contraction was recorded in 
2 groups of 6 animals each. In one group 
muscles were not immersed in Krebs-Ringer 
medium; while in the second group, muscles 
were immersed prior to obtaining the second 
record. Time intervals employed between 
records in each case were the same as those 
described above. Fig. 3 shows that in absence 
of medium recovery of muscle contractile 
capacity is superior in sham operated rats to 
that observed in adrenalectomized rats under 
identical recording conditions (Fig. 1). Fur- 
thermore, exposure of the muscle to Krebs- 
Ringer medium for 25 minutes does not aug- 
ment recovery of muscle contraction (Fig. 4). 

Quantitative evaluation. Table I shows 
average muscle contraction recovery values 
for each of 3 records on all groups tested. 
From percent values of the second record, 
Krebs-Ringer medium had no apparent effect 
in sham operated rats. In contrast, adrenalec- 
tomized rats, compared with sham operated 
controls, showed an overall reduction of 40% 


(average of 3 records) in recovery of muscle 
contraction in absence of Krebs-Ringer me- 
dium with subsequent increase (P<0.01) in 
presence of medium to levels observed in sec- 
ond record of sham operated rats under simi- 
lar conditions. Upon removal of the medium, 
recoveries declined to levels observed in third 
record of adrenalectomized untreated controls. 
Significantly, 2 adrenalectomized rats~ not 
showing overt signs of adrenal insufficiency 
were intermediate between sham operated rats 
and adrenalectomized rats with evidence of in- 
sufficiency. Reduction in muscle performance 
in complete insufficiency was accompanied 
characteristically by hemoconcentration and 
weight loss. 


Discussion. Our demonstration that im- 
paired muscle performance in adrenal insuf- 
ficiency is restored to normal by immersion of 
isolated muscle in physiological medium 
strongly suggests, as responsible factors, im- 
paired transport of: ionic and/or metabolic 
factors or inadequate removal of toxic metabo- 
lites possibly as a consequence of impaired 
circulation. Wyman, Fulton, and Shulman 
(13) described extensive microcirculatory im- 
pairments in the cheek pouch of adrenalecto- 
mized hamsters. Further, it has been sug- 
gested(5,6) that impaired muscle performance 
in adrenal insufficiency may be, secondarily, a 
function of failure to make adequate neurocir- 
culatory adjustments in time of physiological 
need. The effective role of circulation is fur- 
ther suggested by our obseryation that exten- 
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sive chance circulatory damage to the triceps 
of sham operated rats prior to recording con- 
traction invariably resulted in reduced per- 
formance which was restored by immersion of 
muscle in physiological medium.  Alterna- 
tively, alterations in circulatory levels of ionic 
and/or metabolic factors necessary for ef- 
ficient muscle contraction might be impli- 
cated. Hemoconcentration resulting from fluid 
loss implies ionic concentration and associated 
osmotic imbalance. Coupled with this are 
primary disturbances in serum electrolyte and 
carbohydrate levels. The latter do not appear 
to be important factors contributing to mus- 
cle fatigue of adrenal insufficiency, since it 
has been demonstrated that salt treated ani- 
mals are incapable of sustained muscle activ- 
ity despite normal glucose and serum electro- 
lyte levels(14,15). In our experiments, how- 
ever, hypoglycemia and serum electrolyte im- 
balance may be additional complicating fac- 
tors, since adrenalectomized rats were not 
maintained on salt. Our limited preliminary 
observations on the role of metabolic factors 
indicate that omission of glucose and oxygen 
from Krebs-Ringer medium does not signifi- 
cantly impair its effect on increasing muscle 
performance in adrenal insufficiency. 


Ingle(16) and Ingle, Hales, and Haslerud 
(17) demonstrated that, despite absence of 
overt signs of insufficiency, partial adrenalec- 
tomy reduces performance of muscle made to 
work over relatively long periods of time. 
Our present findings show that, presumably 
under similar conditions of insufficiency, mus- 
cle performance is likewise reduced although 
under relatively shorter periods of contraction. 


Summary. Experiments were performed to 
evaluate quantitatively the effect of Krebs- 
Ringer medium on contractile capacity of 
muscle from adrenalectomized albino rats. 
The triceps brachii was used as test muscle 
and contraction recorded in situ using the 
method of Everse and DeFremery. Recovery 


in contractile capacity subsequent to initial 
fatiguing of test muscle was expressed as per- 
cent of initial contraction height. An overall 
reduction of 40% in recovery of contractile 
capacity was observed following adrenalec- 
tomy with accompanying hemoconcentration 
and body weight loss. Following immersion 
of test muscle in Krebs-Ringer-glucose-phos- 
phate medium for 25 minutes, recovery was 
restored to levels observed in sham operated 
controls under similar conditions, but declined 
to control levels 25 minutes after removal of 
the nutrient bath. Possible underlying 
mechanisms are discussed. 
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Quantitation of Monoamine Oxidase Inhibition Produced with Various 


Drugs in Man.* (25567) 


ALBERT SJOERDSMA, JOHN A. OaTES AND Louis GILLESPIE, JR. 
Section on Experimental Therapeutics, Nat. Heart Inst., Bethesda, Md. 


Use of monoamine oxidase (MAO) inhibi- 
tors in treatment of such clinical conditions 
as psychic depression(1), hypertension (2,3), 
angina pectoris(4,5) and rheumatoid arthritis 
(6) constitutes a new and promising area of 
therapeutics. It seemed important to deter- 
_mine the enzyme-inhibiting potency of these 
newly-developed agents in man as well as to 
clarify the relationship between MAO inhibi- 
tion and alleged therapeutic effects. To aid 
in accomplishing this, 2 methods were devised 
to quantify MAO inhibition in the human. 
The first consisted of measuring percentage of 
oral dose of serotonin excreted as urinary 5- 
hydroxyindoleacetic acid (SHIAA), before 
and after administration of a presumed MAO 
inhibitor(7). Secondly, we found that meas- 
urement of urinary excretion of tryptamine 
affords a convenient and sensitive method of 
estimating MAO inhibition in man(8). This 
report presents the effects of several MAO in- 
hibitors of current clinical interest on excre- 
tion of tryptamine. 

Methods. The subjects were 15 patients 
with uncomplicated hypertension. Twenty- 
four hour collections of urine were obtained 
during control and experimental periods and 
tryptamine was measured by method already 
reported(8). Five compounds designated as 
MAO inhibitors from animal studies were 
evaluated; these were iproniazid (Marsilid), 
B-phenylisopropylhydrazine (JB-516, Cat- 
ron), DL - phenylcyclopropylamine (SKF- 
385), N-(2-(Benzylcarbamyl) ethylamino)- 
isonicotinamide (nialamide, Niamid) and phe- 
nelzine (Nardil). Dosage schedules included 
those suggested by the manufacturers and ex- 
cept for iproniazid the recommended daily 
dosage was exceeded to 2-fold in each in- 


* We appreciate the technical assistance of Con- 
suelo Muellenberg and thank the following organiza- 
tions for supplies of drugs: iproniazid—Hoffmann- 
LaRoche; JB-516—Lakeside Labs.; SKF-385— 
Smith, Kline and French Labs.; nialamide—Chas. 
Pfizer and Co., and phenelzine—Warner-Chilcott. 


stance to observe “maximal” enzymatic ef- 
fects. The drugs were administered orally in 
single daily doses (iproniazid, JB-516) at be- 
ginning of each day’s urine collection (8 a.m.) 
or initially in single daily doses and subse- 
quently at 12, 8 or 6 hour intervals (SKF- 
385, nialamide and phenelzine). A _ specific 
dosage was maintained 5 to 14 days and 
changed only after daily excretion of trypta- 
mine appeared constant. The tryptamine val- 
ues for each dose-schedule were then recorded 
as the range occurring at time a new plateau 
had been reached. 

Results. For purposes of comparison, al- 
terations in urinary tryptamine and excretion 
of 5HIAA following oral administration of 
serotonin in a patient receiving JB-516 are 
shown in Fig. 1. A 70% inhibition of sero- 
tonin conversion to SHIAA corresponded to a 
5-fold increase in urinary tryptamine in this 
case. 

Fig. 2 represents tryptamine excretion in 
another patient before and during administra- 
tion of JB-516 and nialamide, the drugs given 
at separate periods of time. Daily excretion 
of tryptamine during administration of 25 
mg/day JB-516 reached levels of 500-600 pg/ 
day while a daily dose of 200 mg nialamide 
was required to produce a similar effect. In- 
creasing the dosage of JB-516 to 50 mg/day 
failed to result in a proportionate increase of 
urinary tryptamine. 

Table I is a summary of alterations in uri- 
nary tryptamine produced by various doses of 
the 5 inhibitors studied. A satisfactory dose- 
response relationship is apparent from the 
mean values of each group, particularly in the 
case of nialamide and SKF-385. However, it 
is also apparent that a rather wide range of 
values was obtained in different cases with a 
given dose of an inhibitor. A more reliable 
index of MAO inhibition for a given dose of 
drug results from expressing the ratio of ay- 
erage level of tryptamine excretion during ex- 
perimental period to average level during con- 
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FIG. 1. Comparison of rise in tryptamine exere- 
tion (@) to fall in 5-HIAA exeretion (©) during 
JB-516 administration. 

FIG. 2. Urinary tryptamine exeretion during se- 
quential administration of JB-516 and nialamide 
in same patient. 


trol period in each case individually. This 
obviates the variability of control levels of 
tryptamine excretion from patient to patient. 
An average of individual ratios at a given dose 
results in a mean ratio for the entire group. 
Range of individual ratios and mean ratios for 
each dose group is listed in last column in 
Table I. 

A detailed account of other effects observed 
is beyond the scope of this paper. No overt 
psychic alterations were detected. A postural 
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lowering of blood pressure was observed with 
60-80 mg/day SKF-385, 120 mg/day phenel- 
zine and in all cases to which JB-516 was ad- 
ministered. No alteration of blood pressure 
occurred with the reduced dose of iproniazid 
used or with nialamide at doses employed. 

Discussion. These studies establish the 
drugs included in this report as MAO inhibi- 
tors in man. The daily doses of these agents, 
purported to give favorable results in psychi- 
atric patients, are also the doses which result 
in at least a 4-fold increase in daily excretion 
of tryptamine (e.g. JB-516 - 12.5 mg; niala- 
mide - 100-150 mg, and phenelzine - 60 
mg). With the exception of nialamide, 
similar doses of the various drugs ap- 
pear to produce a postural lowering of blood 
pressure in human hypertensives. It is im- 
portant to note that nialamide, at doses used, 
failed to alter blood pressure even though 
tryptamine excretion was similar in amount 
to that observed with doses of other inhibitors 
which cause lowering of blood pressure. We 
have recently found, however, that higher 
doses of nialamide (400-500 mg/day) result 
in orthostatic lowering of blood pressure in 
hypertensives. 

While increases in urinary tryptamine may 
not be exactly proportional to the effects of 
MAO inhibitors in every tissue, the method is 
simple and is nearest to a chemical test re- 
flecting therapeutic activity now available. 
Also, conclusions can be drawn from studies 
on relatively few patients. The test appears 
to be quite sensitive, although it is not known 
to what extent MAO is actually inhibited in 
tissues at various levels of tryptamine excre- 
tion. It will be interesting to determine this 
on biopsy and autopsy material. 

Other factors affecting use of urinary tryp- 
tamine as index of MAO inhibition have been 
discussed(8). One of these is the possibility 
of inhibition of tryptophan decarboxylation 
to tryptamine as might be expected to occur 
with certain hydrazine compounds; urinary 
tryptamine levels would thus fail to rise as 
much as with MAO inhibition alone. Also ex- 
cretion of drug metabolites may interfere with 
the fluorimetric assay of tryptamine. In these 
respects the serotonin test may still be useful 
because of its specificity in indicating MAO 
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TABLE I. Effect of Various Doses of MAO Inhibitors on Urinary Tryptamine. 


Daily dose No. cases 


Urinary tryptamine 
ratio,* avg during 
therapy/control avg 


Urinary tryptamine 
(ug 24 hr) 


Range Mean 


Drug (mg) (No. determ.) Range Mean (individual) (group) 

Control 15 (59) 30= 111 63 + 22t 

JB-516 12.5 ace 115— 618 313 m= 1A) 5.3 

25 9 (54) 245— 750 484 5.2-10.0 7.2 

50 (39) 656— 825 704 11.3-14.2 12.1 

Nialamide 50— 60 4 (15) 100— 2384 157 1.7— 4.0 2.4 

100-120 5 (31) 209— 540 315 Pai exe) 4.3 

150 2.( 8) 353— 515 444 O.2 ees 6.5 

200 4 (27) 337- 975 558 5.9-12.3 7.9 

SKE-385 10 3,9) Si Ney) 120 1.5— 1.8 1.6 

20— 30 4 (14) 189— 544 281 P(E) 3.8 

40) 2 (13) 255— 517 402 3.5-10.6 6.2 

60— 80 2 (21) 466-1030 B9 5.6-13.0 10.6 

Phenelzine 45 WC Sy) 69— 100 85 We a0) 1.6 

60 2( 8) 120— 251 184 raga (0),\L 4.0 

120 ih (C-s)) WN cae 299 4.3-12.5 7.3 

Iproniazid 50 2°(15) 91— 231 161 1.0— 2.6 2.2 


* See text for explanation. 


inhibition and the fact that few agents inter- 
fere with assay of SHIAA. Additionally, one 
may measure the increase in excretion of an- 
other amine, tyramine(9), where metabolism 
is also primarily dependent on MAO. 


Summary. An increased urinary excretion 
of tryptamine occurred in human hyperten- 
sives during treatment with 5 monoamine oxi- 
dase inhibitors. Doses of drugs purported to 
produce comparable clinical effects, appear to 
have approximately equivalent enzymatic ef- 
fects as indicated by changes in urinary tryp- 
tamine. It is recommended that biochemical 
observations of this type be included in fur- 
ther studies on therapeutic effects of these 
agents. 
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Effects of Extracellular Potassium and Sodium on Intracellular Potassium 


and Sodium of Baker’s Yeast.* 


(25568) 


ADELAIDE BROKAW TOLBERG AND NELLO PACE 
(With technical assistance of LaVerne Rohwer) 
Dept. of Physiology, University of California, Berkeley 


In studies of electrolyte exchanges in yeast, 
it was of interest to learn how the electrolyte 
content of yeast cells is affected by conditions 
of growth. Potassium is a major constituent 
of yeast ash, amounting to 23 to 40%(1). It 
is known that ash composition is affected by 
conditions of growth, but few data are avail- 
able on effects of potassium and/or sodium 
content of growth medium. These experi- 
ments were undertaken to determine how the 
potassium content of yeast is affected by vary- 
ing amounts of potassium chloride or sodium 
chloride in the growth medium. 

Materials and methods. The yeast was a 
pure culture strain of Saccharomyces cerevi- 
siae isolated from a cake of Fleischman’s 
yeast. The basal growth medium contained 
10 g/l Difco yeast extract and 50 g/l dex- 
trose. This control medium contained ap- 
proximately 8 meq/l each of potassium and 
sodium. Sterile salt solutions were added 
after autoclaving to produce final concentra- 
tions of approximately 30, 100 and 300 meq/1 
potassium or sodium. Each set of cultures 
consisted of one or, more frequently, 2 flasks 
of each cation concentration, so that compari- 
sons could be made between cultures grown 
under same conditions. A uniform inoculum 
was used for any one set of flasks, and the cul- 
tures allowed to grow where temperature 
usually remained between 21 and 23°C, but 
might range from 20 to 25°C. Cells were 
harvested by centrifuging cultures 3 to 6 days 
after inoculation. It was assumed, from pre- 
liminary studies, that cultures had reached 
the stationary phase of growth at this time. 
The packed weight of centrifuged cells was 
used to estimate wet weight, assumed to be 
78% of packed weight. This figure of Con- 
way and Downey(2) was corroborated by us 
by estimating intercellular space (i) from 
packed weights of known amounts of cake 


* This work supported by grant from Nat. Inst. of 
Arthritis and Metab. Dis., U.S.P.H.S. 


yeast, and (ii) by measuring gelatin space of 
yeast harvested from laboratory cultures. 
Yeast was resuspended and an aliquot washed 
3 or 4 times with about 10 ml water/g yeast 
for dry weight and electrolyte determinations. 
Because preliminary experiments indicated 
that some intracellular potassium was re- 
moved by washing procedure, electrolyte 
analyses were also made on unwashed _ali- 
quots. Corrections for extracellular potas- 
sium and sodium were made assuming extra- 
cellular solution accounted for the other 22% 
of packed weight of yeast (see above). Cations 
were extracted from yeast using Conway’s 
procedure(3). Suspensions of both washed 
and unwashed cells (about 1 g/10 ml) were 
boiled 5 to 10 minutes. Supernatant cell ex- 
tracts were appropriately diluted, as were 
samples of media, and potassium and sodium 
determined with a Perkin-Elmer Model 52C 
internal standard flame photometer. When 
compositions of cells grown on different media 
were compared, the data were paired with 
those of cultures from the same set; 7.¢e., grown 
at same time. The “t” test was used for cal- 
culation of P values. 

Results are presented in Table I and sum- 
marized in Fig. 1. 

Effects of varying potassium. When cul- 
tures from the same sets were compared, sta- 
tistically significant differences could not be 
observed between Groups I and IT. In Groups 
Ill and IV, however, there was significant re- 
duction in water content of yeast with each 
increase in potassium concentration. Potas- 
sium content of unwashed cells increased with 
that of medium, especially at higher potassium 
concentrations. When yeast was washed, a 
considerable amount of potassium was _ re- 
moved from high-potassium cells so that 
Groups III and IV did not differ appreciably 
from one another, but still contained more 
potassium than Groups I and II. In all in- 
stances in which sodium content of cells was 
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TABLE I. Water, Potassium and Sodium Content of Yeast Grown in Various Concentrations of 
Potassium or Sodium Chloride.* 


————————— a ee 
08a=_eaqovwvwowewsoae<S=SDooO0mvOOoOoOoOOOOOooOoO 


H,O content of 


K content of cells 


Na content of cells 


Kor Nacontent cells, g H,O/kg Unwashed Washedt Unwashed Washed 
of medium, meq/1 wet cells —> meq/kg wet cells —————_—___, 
A. Effects of varying potassium in medium; Na = 8 meq/1 throughout. 
I Seta. t (o3-— 7 Ol s= 2) Ne} ae 33 
1. 294+ 2 769 + 6 109 + 4 100 + 4 
IU 107 + 5 747+ 9 Ut Seo Ono 
(<.005)§ (C025) C05) 
1A 303 + 9 725 +10 “SY aie WY > al) SENG 
(<.001) (<.001) 
B. Effects of varying sodium in medium; K — 8 meq/] throughout. 
Vi. Gras of! 767 +10 112 +6 87 +4 weae 6 24+ .6 
Woe 3844+ 2 762+ 8 106 + 6 81+3 19.9 + ..7 10.9+ .5 
(<.05) (<.005) 
Wille. IsQss al 743 + 9 Di se oh Oot (3 ae 1h 26.4 + 1.9 
(<.001) (<.001) (<.005) 
VIII. 331 +15 741 == 7 104+ 3 52 + 5 sige Se ily 37.4 + 1.2 
(<.025) (<.05) 


* Data derived from 4 to 6 sets of cultures except for those on sodium content of unwashed 


cells which were obtained from 2 sets. 


t+ Washed cells were rinsed 3 or 4 times with approximately 10 ml water/g cells. 


t Mean + stand. error. 


§ Figures in parentheses are P values for differences of results from those of preceding 


group. 
determined, it was very low, usually less than 
8 meq/kg wet cells, regardless of potassium 
content of medium. 

Effects of varying sodium. Water content 
was reduced when sodium chloride concentra- 
tion was increased above 100 meq/l. With 
300 mM NaCl, however, there appeared to be 
no further decrease in water content. There 
was relatively little change in potassium con- 
tent of cells grown in high sodium chloride, 


Feo kes ! } Wl orale : T ux wa -] 
a / : 
Total No+ Ky we 
300}- Ze Diffusible Na+K 
ye LX 


a 7 “SDiffusible No| 
_protal K 


Fixed NoiK 


Cellular K*, meq/kg cell water 
Cellular cation, meq/ kg cell water 


> 
= Nancie K 
fo" jie J f i Fixed No i 

° 100 200 300 ° 100 200 300 400 
Not in medium, meq/L 


K* in medium, meq/L 


FIG. 1A (left). Effect of K content of growth 
medium on intracellular K of yeast cells. 

FIG. 1B (right). Effect of Na content of growth 
medium on intracellular Na and K of yeast cells. 

Fixed Na or K refers to that remaining after 
washing. Diffusible Na or K is calculated from 
difference between total ion and fixed ion concen- 
trations. Straight line drawn at a 45° angle from 
the origin represents the curve which would be ob- 
tained if intra- and extracellular concentrations 
were equal. 


except for a slight decrease in Group VII. 
This difference was significant only in com- 
parison with control Group V; P<.005. How- 
ever, after washing, there was a marked de- 
crease in potassium content with increasing 
sodium chloride concentration. With each 
increment in sodium chloride concentration in 
the medium, there was a rise in sodium con- 
tent of both washed and unwashed cells. 
Discussion. Total intracellular K concen- 
tration (meq/kg cell water) always increased 
with and exceeded extracellular K (Fig. 1A). 
The 2- to 3-fold rise in intracellular K sug- 
gests that yeast is poikilosmotic; 7.¢., its inter- 
nal osmotic pressure may vary over a wide 
range, depending on osmotic pressure of the 
external medium. This poikilosmotic charac- 
ter has been described in various lower organ- 
isms, including the bacterium, Salmonella or- 
anienburg(4), and the marine alga, Ulva lac- 
tuca(5), both of which accumulate potassium 
in response to increased external osmotic pres- 
sure. Yeast differed from these organisms in 
that there was no increase in intracellular K 
when NaCl was substituted for the KCl sup- 
plements to the growth medium (Fig. 1B). 
However, the total intracellular cation con- 
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centration, as estimated from the sum of Na 
and K concentrations, gave a curve remark- 
ably similar to that for K in Fig. 1A. In all 
cases intracellular Na concentration was lower 
than that of the medium, while intracellular 
K concentration exceeded it. The increase in 
intracellular cation concentration results not 
only from increase in total cation content, but 
also from decreased water content of yeast. 
Nonetheless, the water content was in no case 
as low as that of commercial yeast. 

Yeast grown in high concentrations of 
either KC] or NaCl lost a considerable amount 
of potassium when washed with water. Chris- 
tian(6) found a similar loss of K in washing 
experiments using Salmonella oranienburg. 
The loss from yeast was too large to be ac- 
counted for by possible inaccuracy in estima- 
tion of extracellular space, especially in the 
case of high Na where correction for extracel- 
lular K introduced almost no error. Similarly 
it cannot be accounted for by Conway and 
Downey’s(2) ‘‘outer metabolic region” of the 
yeast cell. The efflux of K from baker’s yeast 
described by Rothstein and Bruce(7) is prob- 
ably not important in this case for several rea- 
sons: efflux rates are too small to account for 
losses in our experiments, particularly since 
each washing took 5 minutes or less; only 
negligible amounts of substrate were present; 
the efflux described by Rothstein and Bruce 
would be obliterated by the amounts of po- 
tassium in the wash water. 

The present data suggest that yeast K ex- 
ists in 2 fractions. One fraction (diffusible) is 
easily removed by washing and may account 
for almost half the intracellular K in cells 
grown in 300 mM KCl or NaCl. Since this 
fraction is relatively small (10 meq/kg cell 
water) in control cells, the increased diffusible 
K may be a consequence of increased osmotic 
pressure. The other fraction (fixed) is dif- 
ficult to remove with washing. Intracellular 
Na may also be distributed into 2 compart- 
ments, although a smaller proportion appears 
to be in the fixed fraction (Fig. 1B). Fixed 
K does not change appreciably with increasing 
extracellular K, but decreases with higher ex- 
tracellular Na concentrations. However, the 
sum of the fixed fractions of Na and K is con- 
stant over the range of Na concentrations 
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studied, suggesting that Na competes with K 
for the fixed fraction. 


Isotope studies have demonstrated that po- 
tassium is distributed in 2 or more fractions in 
several types of cells(8,9,10). The nature of 
the 2 fractions in yeast has not been ascer- 
tained. Possible factors include intracellular 
compartments of differing permeability or dif- 
ferential binding phenomena. Conway and 
Duggan(3) have shown a competitive effect of 
Na on K uptake by commercial yeast and 
have prepared Na-rich yeast in which Na has 
replaced intracellular K. 

Summary. Experiments were carried out 
to elucidate the effects of varying concentra- 
tions of potassium and sodium in growth me- — 
dium on water and respective ion content of 
yeast. The resulting changes in intracellular 
potassium and sodium indicate that yeast is 
a poikilosmotic organism; internal osmotic 
pressure as indicated by total intracellular 
sodium and potassium may vary 2- or 3-fold. 
Sodium and potassium appear to be distrib- 
uted into at least 2 intracellular fractions; a 
diffusible fraction which is readily removed 
by washing, and a fixed fraction relatively 
constant in amount which is difficult to re- 
move by washing. Sodium can replace over 
40% of the fixed potassium at high external 
sodium concentrations. 
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Variation in Epiphyseal Maturation of Medial Epicondyle of Humerus 
in Inbred Strains of Mice. (25569) 


L. Soxotorr, G. E. Jay, JR. AND L. K. RANDOLPH 


(Introduced by E. M. Lerner, IT) 


Lab. of Pathology and Histochemistry, Nat. Inst. of Arthritis and Metabolic Diseases 
and Nat. Cancer Inst., DHEW, Bethesda, Md. 


In previous. studies, patterns of develop- 
ment of epiphyses of knee and head of femur 
of mice during second year of life were de- 
scribed(1,2). These studies were carried out 
to determine sources of difference in occur- 
rence of spontaneous degenerative joint dis- 
ease in various inbred strains; and more par- 
ticularly, whether development of osteoarth- 
ritis of the knee in various strains paralleled 
progression of epiphyseal closure as animals 
aged. No such relationship was observed. 
The present studies deal with ossification and 
closure of epiphyses during first 2 months of 
life rather than the second year. It was thus 
hoped to learn (1) whether there is a corre- 
spondence between rates of early and late epi- 
physeal development within individiual strains 
and (2) whether there is a relationship be- 
tween early skeletal maturation, and later de- 
velopment of osteoarthritis. 

Materials and methods. Two experiments 
were carried out: Exp. A. Development of 
epiphyses at distal end of right humerus was 
traced histologically in 2 groups of mice dur- 
ing the first 2 months of life as follows: Two 
male and 2 female littermates were killed at 
daily intervals during the first month and, 
- non-littermates following weaning at intervals 
of 2 days until day 62. In the first group were 
strams A/HeN, A/LN, C3H/HeN and 
BALB/cAnN, born in February, and housed 
in groups of 4 or 5. All animals received Pur- 
ina Lab. Chow and water ad lib. In the sec- 
ond group were C3H/HeN and DBA/2JN 
mice, born July and August, housed initially 
following weaning, in groups of 12 to 15 in 
large cages containing 2 food hoppers and 
water bottles, rather than shoebox type cages 
as in the previous group. As space became 
available, they were separated into smaller 
groups as in the preceding. Tissues were fixed 
either in neutral formalin or Bouin’s solution. 
Decalcification and staining procedures were 
as previously described. Serial sections were 


made in a coronal plane. Exp. B. Specific 
ages of mice were chosen for comparing ossi- 
fication of medial epicondyle with osteoarth- 
ritis of the knee, since some strains varied 
largely in these 2 measurements. The experi- 
ment included strains having earlier and later 
maturation times of the medial epicondyle 
and knee, as well as differences in occurrence 
of the joint disease (A/LN, DBA/2JN, STR/ 
IN and C57BL/6JN). An attempt was made 
to obtain 15 pairs (littermates) of males for 
each strain. In each pair, 1 animal was killed 
at 60 days of age for examination of elbow, 
while the other was killed at 16 months for 
evaluation of arthritis. Intercurrent diseases 
reduced the number of animals in several in- 
stances (Table I). Production difficulties 
made consistent use of littermates impossible 
in STR/I1N and precluded use of certain other 
strains, such as C57L/HeN which might have 
been desirable because they have a high de- 
gree of epiphyseal closure of the knee(1). 
Knees were macerated with papain and evalu- 
ated for osteoarthritis according to criteria 
described previously. The following scheme 
was employed for grading degree of epiphyseal 
maturation: 0 = no ossification of epiphysis; 
4+ — complete ossification and union of epi- 
physis. It was possible to estimate the extent 
of ossification and of closure to the closest /% 
in units of 1 to 4+. “Degree of epiphyseal 
maturation” was computed by dividing the 
sum of the grade of ossification and of closure 
by 2. It was noted, as observed by others, 
that foci of degenerated cartilage were often 
present in the epiphyseal plate without imme- 
diate vascular penetration or bony union. 
These were disregarded, and only vascular re- 
sorption of the plate or communication of 
hematopoietic tissue between diaphyseal and 
epiphyseal spaces recorded. 

Description of epiphyses of distal humerus: 
Configuration and sequence of epiphyseal os- 
sification of the distal humerus of mice corre- 


492 


sponded closely to that described in the rat 
by Becks and coworkers(3). There was a 
main center of ossification in the trochlea that 
united with the diaphysis of the humerus im- 
mediately distal to the olecranon fossa, and 
a secondary center in the medial epicondyle. 
The plate of the latter was perpendicular to 
the former. The earliest changes in formation 
of the secondary center were a vesicular en- 
largement of lacunae of cartilage cells and 
penetration of blood vessels from the peri- 
chondrium into them. Epiphyseal plates were 
intact for a short time, focal disruption by 
penetrating blood vessels taking place before 
the epiphysis had completely expanded or os- 
sified. The present method of grading degree 
of epiphyseal maturation has taken into ac- 
count both degrees of ossification and of clos- 
ure of the plate. The epiphyses of the distal 
end of the humerus of mice have been studied 
previously by Johnson(4) and Dawson(§). 
Secondary centers in the capitellum and troch- 
lea were found by the former at 5 days, 11 
hours of age; the medial condyle center at 9 
days; and one in the lateral condyle at 19 
days. Dawson observed the distal epiphysis 
to close at 21 days. 

Results. Exp. A. In first and second 
groups, there was little variation between ani- 
mals in rate of development of the distal epi- 
physis of the humerus within individual 
strains. Development was completed at 28 
days of age in the A/LN mice; 32 days in 
BALB/cAnN; and at 36 days in A/HeN. 
Development of the medial epicondyle epiphy- 
sis was uniform in most strains (A/LN, C3H/ 
HeN, BALB/cAnN; also DBA/2JN and 
STR/I1N in Exp. B), but less so in 2 (A/HeN 
and, in experiment B, in C57BL/6JN. There 
was considerable variation between strains in 
degree of maturation achieved by the medial 
epicondyle by day 62. In strain A/LN, there 
was virtually complete ossification with fusion 
in all animals 52 or more days of age (Fig. 
1A) while in others, as DBA/2JN (Fig. 1B), 
no fusion had taken place. The findings in 
the C3H/HeN animals were comparable re- 
gardless of whether animals were born in 
February or July. In neither trochlear nor 
medial epicondyle was an unequivocal dif- 
ference in rate of maturation found between 
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FIG. 1. Rate of epiphyseal maturation at distal 
end of humerus in 2 inbred strains of mouse. 
a. A/LN; 6b. DBA/2JIN. 

FIG. 2. Comparison of development of epiphyses 
of medial epicondyle, knee and osteoarthritis in 4 
strains of mice. [§ avg epiphyseal maturation of 
medial epicondyle (Exp. A); [] avg epiphyseal 
maturation of medial epicondyle (Exp. B); A avg 
epiphyseal maturation of knee (concurrent exp., 
Ref. 9); A avg epiphyseal maturation of knee 
(previous exp., Ref. 1); © (half-solid) avg osteo- 
arthritis of knee (Exp. B); @ avg osteoarthritis of 
knee (previous exp., Ref. 1). 
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TABLE I, Maturation of Epiphysis of Medial Epi- 
condyle and Osteoarthritis of Knees in 4 Strains of 
Mice (Males). 


Epiphyseal 
maturation®* 


Osteoarthritis 
of kneest 


Avg Avg 
No. degree No. severity 
Strain animals (0-4+) animals (0-4-+) 
A/LN 15 4.0 + .2 14 0) 
DBA/2JIN 15 2.0 +0 15 heels 
STR/1N 14 Pelee A083 15 Qedh e231 
C57BL/6JIN 15 14+ :33 il 2 +.26 


* 60 days old. +t 16 mo old. 


the sexes; the process was more rapid in 
males, if anything. 

Exp. B. Development of the epiphyses of 
the A/LN and DBA/2JN at 60 days was 
identical with those noted in Exp. A, and de- 
gree of osteoarthritis of the knees of the 4 
strains quite comparable to that observed in 
the same strains several years earlier(2). 

Our findings are summarized in Table I. 
The 2 strains having a low degree of osteo- 
arthritis, A/LN (0) and C57BL/6JN (0.2), 
which are not significantly different with re- 
spect to this measurement (t = .6, p~.5), 
had, however, highly significantly different de- 
grees of epiphyseal maturation (A/LN was 
PO C7. b1,/6)N owas only. 1.45 “t-==_7.67, 
p<.01). The STR/IN and DBA/2]JN mice 
had nearly identical degrees of epiphyseal 
maturation (2.1 and 2.0 respectively) but dif- 
ferences in severity of osteoarthritis (2.1 and 
0.8) were highly significant (t = 3.58, p< 
.01) although there was wide variation within 
a strain. 

Discussion. Our studies demonstrate that 
early closing epiphysis of the medial epicon- 
dyle of the humerus develops at different rates 
in various strains of mice. These rates are 
quite constant in these strains over many gen- 
erations. They were not affected, within lim- 
its of experiments, by season in which animals 
were born or numbers housed together. Al- 
though infantile diarrhea occurred in the 
C3H/HeN colony in Exp. A, first group, the 
mice studied here were selected to be unaf- 
fected by it and had bone changes comparable 
to those in Exp. A, second group, where they 
had normal weight curves. 

No distinct sex differences in rate of epi- 
physeal maturation of the elbow were ob- 
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served. This is in contrast to findings in late 
closing epiphyses of hip and knee(1,2) in 
which ossification is more advanced in males. 
The findings are at some variance with the 
observations of Silberberg and Silberberg (6), 
that during early development the female 
mouse skeleton is physiologically older than 
the male, although the male thereafter may 
overtake and exceed the female. Comparison 
of humeral maturation with that of the knee 
of the same strain indicates that there is no 
consistent relationship between rate at which 
epiphyses mature early in life in mice and 
ultimate progression of those that remain open 
till late age (Fig. 2). 

Silberberg and Silberberg observed that 
the rate at which epiphyseal cartilage under- 
goes the sequence of proliferation, regression 
and bony union, z.e., skeletal time curve, 
varies among different strains of mice. 
C57BL mice, showing slow skeletal growth, 
had more spontaneous degenerative joint dis- 
ease and responded to high fat diet with ac- 
celerated skeletal aging and more osteoarth- 
ritis than did DBA mice that had a rapid 
skeletal growth under ordinary conditions(7). 
Furthermore, young mice were more suscep- 
tible to accelerated epiphyseal and articular 
cartilage aging, induced by high-fat intake for 
5 months, than were older ones(8). Because 
previous studies(1,2) failed to disclose a close 
relationship between late epiphyseal aging 
and articular degeneration in mice, we in- 
quired whether the differences in prevalence of 
spontaneous osteoarthritis in different strains 
of mice correspond to early changes in skele- 
tal development rather than late ones. We 
demonstrated that maturation of early closing 
medial epicondyle epiphysis does not bear any 
relationship to ultimate development of osteo- 
arthritis in the same strain. Thus, sources of 
differences in which spontaneous osteoarthritis 
occur with varying frequency in different 
strains of mice must be sought outside early 
or late rates of skeletal “aging” of these 
strains. 

Summary and conclusions. Rate of ossifica- 
tion and closure of epiphyses of the medial 
epicondyle of the humerus was studied in 7 
inbred strains of mice. The rate of develop- 
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ment varied significantly in different strains 
but bore no relationship to occurrence of de- 
generative joint disease, or to ultimate epi- 
physeal development of knee or head of fe- 
mur previously found to occur late in second 
year of life. 


Grateul acknowledgement for statistical computa- 
tions is made to Joan Gurian. 
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Heterogeneity of Insulin-Antibody Complexes in Rabbits and Guinea Pigs. 
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Vet. Admin. Hosp., Bronx, N. Y. City 


Presence of insulin-binding antibodies in 
human subjects treated with commercial mix- 
tures of beef, pork insulin(1) and in guinea 
pigs and rabbits immunized with beef or pork 
insulin(2) has been established with use of 
insulin-I'*! and paper chromatoelectrophoresis 
of insulin antiserum mixtures. Kinetic studies 
of rates of formation and dissociation of in- 
sulin-antibody complexes and analysis of 
equilibrium mixtures have indicated the he- 
terogeneity of complexes formed in human 
antiserums(3-6). Heterogeneity in this case 
appears to be due to presence of 2 (or more) 
distinct orders of antibody combining-sites 
rather than to differences in stoichiometric 
proportions of insulin and antibody in the 
complexes(5,6). Since human antiserums 
contain antibodies to both beef and pork 
insulins, heterogeneity of insulin-antibody 
complexes might be due to antibodies 
directed against different antigenic deter- 
minants in beef and pork insulin or to sepa- 
rate antibodies directed against multiple dis- 
tinct antigenic sites in each insulin derived 
from a single species(6). In our study guinea 
pigs and rabbits have been immunized with 
either beef or pork insulin. Insulin-binding 
antibodies in antiserums of these animals re- 
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act with insulin to form heterogeneous anti- 
gen-antibody complexes. 


Methods. Analytic and technical methods 
follow procedures described by Berson and 
Yalow(1,5,6). In “equilibrium state” studies, 
mixtures of antiserum and beef or pork insu- 
lin (containing trace amounts of same species’ 
insulin-I1*!) were incubated at 37° until equi- 
librium was reached (usually about 4 hours) 
and then analyzed by paper chromatoelectro- 
phoresis for insulin bound to antibody(B) and 
unbound (“free”) insulin (F). Considera- 
tions based on the law of mass action indi- 
cate that when antiserum concentration is 
kept constant while insulin concentration is 
varied, the ratio B/F is a linear function of 
concentration of bound insulin (B) only z/ 
insulin is univalent and all antibody combin- 
ing-sites are of a single order(5,6). A curvi- 
linear relationship is expected if insulin is 
multivalent and/or if there is more than a 
single order of antibody combining-sites. In 
5 guinea pig and 3 rabbit antiserums studied, 
plots of B/F vs. B were curvilinear (Fig. 1), 
a finding which is consistent with either of the 
last 2 alternatives. 

Results. In “transient state” studies, only 
dissociation experiments are analyzed.  Fol- 
lowing attainment of equilibrium between 
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FIG. 1A. Ratio of bound to free insulin as a 
function of quantity of insulin bound for anti-beef 
insulin plasma of a rabbit incubated with erystal- 
line beef insulin. 

FIG. 1B. Ratio of bound to free insulin as a 
function of quantity of insulin bound for anti- 
pork insulin plasma of a rabbit imeubated with 
crystalline pork insulin. 

FIG. 1C. Ratio of bound to free insulin as a 
function of quantity of insulin bound for anti-beet 
insulin plasma of a guinea pig incubated with erys- 
talline beef insulin. 
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bound and free insulin, high concentrations of 
unlabeled insulin were added to the mixtures. 
Further binding of insulin-I**! is now competi- 
tively inhibited and rate of “dissociation” of 
antibody complexes is determined 
from decrease in concentration of bound in- 
sulin-I'*? with time. The complexes exhibited 
heterogeneity in rates of dissociation in all 
experiments. In the 2 rabbit antiserums ana- 
lyzed, the dissociation curves could be re- 
solved into 2 components with half times av- 
eraging 9 and 8 minutes and 214 and 7 hours 
respectively (Fig. 2a). However the 5 guinea 
pig antiserums appeared to have a greater de- 
gree of heterogeneity, and resolution of the ex- 
perimental curves required more than 2 ex- 
ponential components (Fig. 2b). 

That antigen-antibody com- 
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FIG. 2A. A typical rate curve of dissociation for 
rabbit insulin-antibody complexes. This plasma was 
from a rabbit immunized with pork insulin and 
was incubated with erystalline pork insulin-I™', 

FIG. 2B. A typical rate curve of dissociation for 
guinea pig insulin-antibody complexes. This plasma 
was from a guinea pig immunized with beef imsu- 
lin and was ineubated with beef insulin-I™*'. 
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plexes are heterogeneous? is generally not un- 
expected inasmuch as numerous sites of anti- 
genic determinancy on most antigen molecules 
are responsible for multivalency of antigen in 
its reaction with antibody. With insulin as an 
antigen, however, univalency might be antici- 
pated from studies of Harris, Sanger and 
Naughton(7). These authors showed that in- 
sulins from 5 different mammalian species 
(cattle, sheep, pig, horse, whale) differ in 
amino acid sequence only in the 8-10 posi- 
tions of A chain. Immunologic differences in 
reaction of these insulins with human anti- 
beef, pork insulin serums suggest that this re- 
gion includes a site antigenic for man(8,11). 
If guinea pig and rabbit insulin likewise dif- 
fer from other mammalian insulins only in 
this respect it might be expected that anti- 
genicity would reside only in the relatively 
small site in question and that the insulin 
monomer (M. W. 6000) could therefore bind 
only a single antibody molecule under any 
circumstance. Moreover, even if beef or pork 
insulin exhibits more than a single antigenic 
site to guinea pigs and rabbits, the small size 
of the insulin molecule might still preclude the 
binding of 2 (or more) antibody molecules 
simply because of steric hindrance(11). The 
possibility that beef or pork insulin possesses 
other sites of possible antigenicity in guinea 
pigs and rabbits cannot be excluded until the 
structures of guinea pig and rabbit insulin are 
established. (Lacy and Davies(12) obtained 
evidence, with fluoroscein labeled insulin an- 
tibodies, that guinea pig and rabbit insulins 
are immunologically different from beef insu- 
lin and several other mammalian insulins. ) 
From data presented here it can only be 
concluded that either insulin is multivalent or 


+ Although heterogeneity of complexes is observed 
even with univalent haptens(9,10), the heterogeneity 
is related to Gaussian distribution of binding energies 
and is rather less marked than in insulin-antibody 
complexes which, in man(5,6) and rabbits exhibit 2 
main groups with grossly different dissociation rates. 
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that the antibodies are heterogeneous or, 
lastly, that both conditions exist. In human 
antiserums the weight of evidence(6) appears 
to favor univalency (though not necessarily 
monoantigenicity). A more complete descrip- 
tion of the nature of insulin-antibody com- 
plexes in rabbits and guinea pigs must await 
more extensive studies with these antiserums. 


Summary and conclusions. Heterogeneity 
of insulin-antibody complexes in antiserums 
of rabbits and guinea pigs immunized with 
either beef insulin or pork insulin has been 
demonstrated. Heterogeneity of complexes in 
antiserums of human subjects immunized with 
commercial mixtures of beef and pork insulins 
need not be attributed to presence of distinct 
antibodies directed against beef and pork in- 
sulins. 


I am grateful to Drs. Solomon A. Berson and 
Rosalyn S. Yalow for aid and to Eve Spelke for 
secretarial assistance, Carl Bacot for technical assist- 
ance and Medical Illustration Service. 
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Preparation and Use of I'*! Labeled Sodium Iodohippurate in Kidney 


Function Tests. 


(25571) 


MANUEL Tusis, EpwArp PosNick AND Ropert A. NORDYKE 
(Introduced by A. L. Sellers) 
Radioisotope Service, V. A. Center, Los Angeles, Calif. and Depts. of Radiology and Medicine, 
School of Medicine, University of Calif., Los Angeles 


There is need for a rapid and non-traumatic 
method for assessing individual kidney func- 
tion. Use of I'*! labeled compounds and ex- 
ternal radioactivity measurements over the 
kidneys appear quite adequate for the pur- 
pose. After injection, uptake and clearance 
by each kidney are measured by means of ra- 
dioactivity, producing a printed record by use 
of appropriate instrumentation(1). However, 
the method used previously was complicated 
because the diethanolamine salt of I!*1 la- 
beled 3,5-diiodo-4-pyridone-N-acetic acid 
(Diodrast) was not kidney-specific and be- 
cause of its hepatic uptake, required careful 
placement of the probes(2). In addition, I**? 
labeled analogs of sodium 3,5-diacetamido-2, 
4,6-triiodobenzoate (Hypaque), methyl-glu- 
camine 3,5-diacetamido-2,4,6-triiodobenzoate 
(Renografin), sodium 3-acetamido-2 ,4,6-triio- 
dobenzoate (Urokon), and sodium  3,5- 
dipropionylamino-2 ,4,6-triiodobenzoate (Mio- 
kon), all have the disadvantage of be- 
ing cleared slowly by the kidneys, prolong- 
ing test time to 15-25 minutes. Although they 
are essentially not picked up by the liver, they 
differentiate less clearly the function of the 
individual kidneys. Theoretical considera- 
tions indicated that sodium o-iodohippurate 
(Hippuran) had the desired characteristics for 
comparing separate kidney function, namely 
rapid and complete removal from the blood by 
the kidneys only. This compound containing 
I'31 was then prepared by the 2 methods de- 
scribed and proved quite satisfactory for the 
purpose. 

Methods. WHippuran containing I'*! was 
prepared by 2 methods of exchange. In 
Method I, ca. 20 mc I'*! was released from 
Nal'*! solution (Oak Ridge) by 0.33 ml 0.01 
M KI, 0.1 ml M NaNOz and 0.2 ml 2.5 M 
HCl and the iodine shaken out with 2 ml 
CCl,. The shakeout was repeated with the 
same quantities of reagents but no I'*'. The 


combined CCl, solutions of I'*! were washed 
by shaking with 2 ml HO, then extracted with 
0.5 ml H20 plus 0.6 ml 0.1 M NaOH followed 
by 0.5 ml HsO plus 0.2 ml 0.02 M NaOH. 
The NalI**! solutions were added to 363 mg 
Hippuran dissolved in 2 ml H2O in 10 ml se- 
rum vial and adjusted to pH 6 with 0.1 M 
HCl and pH paper. The vial was closed with 
rubber stopper covered on underside with 
Saran film, sealed with aluminum seal and 
heated 2 hours in boiling water. The con- 
tents were transferred te 20 ml beaker and 
evaporated to dryness, redissolved in 1 ml 
boiling H,O and transferred to 12 ml centri- 
fuge tube. The o-iodohippuric acid was then 
precipitated with 0.6 ml (1 + 9) HCl, centri- 
fuged 2500 rpm/10 min., the supernate re- 
moved, the precipitate dissolved in ca. 4.5 ml 
boiling H,O, 1 mg KI in 0.1 ml HO added 
and solution cooled in ice water and centri- 
fuged. The precipitate was transferred using 
a minimum amount of supernate to a small 
sintered glass filter, washed with small por- 
tions of ice-cold saturated solution of non-ra- 
dioactive o-iodohippuric acid and dried to 
constant weight at 100°. The yield was 55% 
of the weight of Hippuran taken and specific 
activity 49 pc/mg. The m.p. was 173.5° 
(corr.), which differed from that reported by 
Novello(3) but agreed with another source 
which reported 171-174°(4). In Method II, 
I'31 was released by same quantities of re- 
agents as in Method I into 2 ml chloroform. 
The chloroform extracts were water-washed 
and added to 363 mg. Hippuran and 10 pg 
ICI in 0.1 ml CHCls, in 5 ml absolute alcohol 
in 30 ml ground glass neck flask equipped with 
reflux condenser. The mixture was refluxed 
for 8-9 hours, the condenser removed and 
evaporated to dryness. The residue was dis- 
solved in 1 ml boiling HzO, transferred to 12 
ml centrifuge tube, the acid released and puri- 
fied by recrystallization as in Method I. 
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A. 1! MIOKON B 1" HIPPURAN 


COUNTS/SEC 


r r . 
4 8 12 16 4 8 12 16 


MINUTES AFTER INJECTION 


FIG. 1. Comparison of clearance of I'*' labeled 
Miokon and I" Jabeled Hippuran by normal human 
kidneys. 


When dried to constant weight, had same 
properties and had a specific activity of 65 
pc/mg, and same melting point. Solutions 
containing 25 pc/0.75 ml for parenteral use 
were made by dissolving requisite quantity of 
the o-radioiodohippuric acid in stoichiometric 
amount of 10% NazCO:; solution, diluting 
with sterile pyrogen-free H,O, filtering 
through sintered glass and sterilizing in stop- 
pered and sealed serum vials in boiling water 
for 30 minutes. 


Results. Radioiodinated Hippuran of high 
purity and adequate specific activity has been 
prepared by 2 methods. After doses of ca. 
25 pwc were injected into normal individuals 
and patients with suspected renal pathology, 
radioactivity over each kidney area was re- 
corded by 2 matched scintillation probes, rate- 
meters, and a dual rectilinear recorder. A 
typical pattern for a normal human, using I+?" 
labeled Hippuran, is shown in Fig. 1B, which 
demonstrates individual kidney function. The 
more rapid clearance of I’?! Hippuran com- 
pared with I1*! labeled Miokon is shown in 
Fig. 1. 

The curves are almost identical for right 
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and left kidneys, indicating no uptake by the 
liver, which would have affected the right kid- 
ney reading (Fig. 1B). Additional confirma- 
tion was provided by the virtual absence of 
radioactivity in bile obtained from a com- 
mon duct T-tube in a patient with normal 
kidney and liver functions. The lack of liver 
uptake permitted placement of probes perpen- 
dicularly to patient’s back, directly over the 
kidneys, greatly simplifying collimation. 
Since I'*! labeled Hippuran is removed by 
the kidney more rapidly and completely than 
I'8' labeled Miokon, Hypaque and Reno- 
grafin, testing time was reduced to less than 
10 minutes. The rapid extraction magnified 
the absolute function and differences between 
the 2 kidneys. 

Summary. I1'8! Jabeled sodium o-iodohip- 
purate (I'?! Hippuran) has been prepared by 
2 methods. This compound eliminates major 
disadvantages of currently used radioactive 
substances for individual kidney function test- 
ing. There is no complication due to liver 
uptake. It is more rapidly and completely re- 
moved, thereby reducing the time for test by 
100% or more. Clinical studies with patients 
having known urinary tract pathology indicate 
that I'*! Hippuran demonstrated comparative 
differences more sensitively than other labeled 
“renographic” substances(5). 
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Effect of Insulin on Subcutaneous Absorption of Drugs in Rats.* (25572) 


GAETAN JASMIN,t AND ANDRE BoNIN 
Dépt. d@ Anatomie Pathologique, Université de Montréal, Montreal, Canada 


Previous studies have shown that insulin, 
in minimal doses, increases rat’s sensitivity to 
dextran edema(1). It was assumed that in- 
sulin activates the reaction by other means 
than hypoglycemia, possibly by enhancing 
penetration of dextran into the tissues. This 
led us to investigate the effect of insulin on 
urethane anesthesia and on convulsions pro- 
duced by dimethyl-p-phenylenediamine(2). 
The influence of insulin on subcutaneous ab- 
sorption was also assessed by intravenous ad- 
ministration of Evans blue in animals already 
injected intradermally with physiologic saline. 

Materials and methods. Seventy-two fe- 
male rats (Holtzman) weighing 140 to 160 g 
were fasted 6 hours before absorption tests. 
In each experiment, animals were divided into 
groups of 12 and received 0.2 I.U. of zinc- 
insulin (Connaught), subcutaneously, 15 min- 
utes before injection of other substances. 
Ethyl urethane or dimethyl-p-phenylenedia- 
mine was given subcutaneously at 150 mg and 
4 mg, respectively, each in 0.2 ml of saline. 
Degree of anesthesia and convulsions was ap- 
praised visually according to arbitrary scale 
of 0 to 4+. Readings were made at 10, 20 
and 30 minutes after injection of drugs and 
our results are expressed as percentages of 
maximal possible response (4+). For salt 
solution absorption test, 0.2 ml of physiologic 
saline was injected intradermally into 3 dif- 
ferent regions of dorsal skin. This was fol- 
lowed by intravenous injection of 0.2 ml of 
0.5% solution of Evans blue. Ten minutes 
later, animals were sacrificed and dorsal skin 
was dissected from underlying muscle and 
turned over for appraisal of intensity of blue- 
ing at site of injection of physiologic saline 
(Fig. 1). Readings were made according to 
relative scale of 0 to 4+. Since blueing was 
inversely proportional to rate of absorption, 


* This work supported by grants from Canadian 
Arthritis and Rheumatism Scc. and Fn. Joseph 
Rhéaume of Montreal, Canada. 

+ Medical Research Associate of Nat. Research 
Council of Canada. 


our percentual values (Table I) were calcu- 
lated:as follows: 0 == 100; -—— == 75:.2-= == 
SO; 3+ = 25; 4+ = 0. A few minutes be- 
fore animals were killed, 1 ml of blood was 
taken from jugular vein for sugar determina- 
tions made according to method of Folin Wu. 


Results. Mean values (Table I) reveal 
that activity of urethane was definitely in- 
creased by insulin. The promoting effect on 
anesthesia was readily demonstrable during 
30 minutes following injection of relatively 
small doses of urethane. After this period, 
the differences were less evident, apart from 
slow recovery of insulin-treated rats. In di- 
methyl-p-phenylenediamine, the effect of in- 
sulin was more clear cut: latent period of con- 
vulsions was reduced by 10 minutes. Al- 
though blood sugar values were significantly 
lowered by insulin treatment, they remained 
within the lower limits of normality. 

Our observations from intradermal saline 
tests are in line with above findings. The per- 
centage of absorption, as judged by low de- 
gree of blueing reaction, was markedly in- 
creased in insulin-treated rats (Fig. 1). 

Discussion. ‘These results support the con- 
cept that insulin enhances absorption rate of 
substances injected subcutaneously. Thus, it 
seems reasonable to assume that the promot- 


FIG. 1. Effect of insulin on subeut. absorption of 

physiologic saline. Relative blueing reaction at 

sites of subeut. inj. of saline, Left, insulin-treated 
rat. Right, control, 
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TABLE I. Effect of Insulin on Induction of Urethane Anesthesia, Dimethyl-p -Phenylenediamine Con- 
vulsions and Subcutaneous Absorption of Physiologic Saline in Rats. 


Urethane* anesthesia 


PPDt convulsions 


(%) Glycemia,t (%) Glycemia,t 
Groups of 12 rats 10min. 20min, 30min. mg % 10min, 20min. 30min. mg % 
Controls 0 153 25 112 =e 3. 0 0 90 128 + 4.2 
Zine-insulin (0.2 1.U, 25 37 67 ffs) am AY) 0 90 100 80 + 5.3 


8.¢. ) 


Absorption rate Glycemia,t 


of saline (%)$ mg % 
Controls 39 118 + 3.7 
Zine-insulin (0.2 1.U. s.e.) 80 744+ 6.1 


* Mean readings following s.¢. inj. of 100 mg/100 g of ethyl urethane. 


+t Mean + S.E. 


t Mean readings following s.e. inj. of 2.6 mg/100 g of dimethyl-p-phenylenediamine, 
§ Mean percentage based on intensity of blueing 10 min, after iv. inj. of 0.2 ml of 0.5% Evans blue. 


ing effect of insulin on dextran reaction is also 
derived from increase in absorption. Whether 
insulin influences the reaction by changing 
permeability of cells or of ground substance 
remains to be shown. It has been reported 
that subcutaneous absorption of urethane is 
augmented by cortisone, in rats, and by dehy- 
dration and fasting, in mice. This was inter- 
preted as resulting from a reduction of hyal- 
uronic acid content in connective tissue 
ground substance(3). Insulin may act simi- 
larly, perhaps by influencing activity of hyal- 
uronidase. 

Fasting, especially in adrenalectomized rats, 
augments sensitivity to dextran(1), and simi- 
larly, activity of various drugs was more uni- 
form in animals subjected to a short period of 
fasting. It is also common knowledge that 
the efficiency of therapeutic agents, even when 


Potassium Metabolism in [Rats with Chronic Renal Insufficiency.* 


ASHTON B. Morrison 


given parenterally, is higher in fasting pa- 
tients. That a slight decrease in glycemia, 
within physiologic range, activates absorption 
phenomena may also explain the fact that in- 
sulin given at a low dosage promotes absorp- 
tion of substances injected subcutaneously. 

Summary. Subcutaneous absorption of ure- 
thane and of dimethyl-p-phenylenediamine 
was augmented by insulin, as evidenced by 
acceleration of anesthesia and convulsions 
caused by these substances, respectively. In- 
sulin also promoted absorption rate of intra- 
dermally injected physiologic saline. 
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Male rats which had been subtotally (5/6) 
nephrectomized developed a form of chronic 
renal insufficiency similar in many ways to 
that occurring in the human patient with 
chronic nephritis. At death, lesions were 


* This work was supported by U.S.P.H.S. grants 
from Nat. Inst. of Arthritis and Metab. Dis., Bethes- 
da, Md., and from Smith, Kline, and French Fn. 


found in the cardiovascular system and in 
bones of the rats, which were indistinguishable 
in quality from those found in some patients 
with chronic renal insufficiency(1). When at 
least one month had elapsed following opera- 
tion the adrenals were enlarged(1). This en- 
largement in such animals suggested that dur- 
ing period of renal insufficiency the adrenals 
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TABLE I. Effect of Low Potassium Diet on Muscle and Serum Potassium, Serum CO, Content 
and Myocardium of Subtotally Nephrectomized and Sham Control Rats. 


~ py ——— > ad . 
Serum — > Muscle Kas Myocardial 


Total CO,, Potassium, meq/100 g lesions 
mM/1 meq/1 ots grading 


-—— Treatment + Zz 
No. of 
Group rats Operation Diet 
A 8 Subtotal neph- Low K 
rectomy 
B 8 Idem Control 
C 8 Sham opera- Low K 
tion 
D 8 Idem Control 


32.4+1.6* 2.9+.2 


24.6 + .7 4.6 +.3 


35.4 + 1.8 2+ to 4+ 


48.1+ 1.5 0 toil-+ 


a2.2+ 9 3.8 +.2 Ay se lee} 0 to2-- 


POM, size ball AD Seni AR lk ae WY 0 to 1 


pt A&C <.01 A&C <.05 


f.f.s. = fat-free solids. 


: | 
* Means + stand. errors. Stand. errors calculated as ie (GkS@)P | 


n-1 


=g. 4%,mean of x. 
n 


t p determined from + test of differences, D, between means of 2 groups where gD = 


ae D 
Vv ot, + ¢x.”,t=——. 
oD 

were more active than in the normal animal. 
Adrenal overactivity may lead to potassium 
depletion(2), and if adrenals of subtotally 
(5/6) nephrectomized rats were overactive, it 
might be expected that such animals would 
show a tendency to become potassium de- 
pleted more readily than normal rats. To test 
this, it was decided to feed subtotally (5/6) 
nephrectomized rats a low potassium diet and 
discover whether they became more potassium 
depleted than sham operated control rats fed 
the same diet. The criteria used to assess po- 
tassium depletion in the rats were, fall in 
serum potassium levels, rise in total CO2 of 
serum (resulting from metabolic alkalosis of 
potassium depletion), extent of depletion of 
muscle potassium, and degree of focal myo- 
cardial necrosis. 

Materials and methods. Male Wistar rats 
weighing 250 g were subtotally (5/6) ne- 
phrectomized. Sham operations were carried 
out on another group. Six weeks after opera- 


t+ Low Potassium Diet bought from Nutritional 
Biochemicals Corp., Cleveland. Composition: corn- 
starch, 64%; casein, 30%; butterfat, 3.5%; calcium 
carbonate, 1.3% ; sodium chloride, 1%; and an ade- 
quate supplement of all known vitamins. The diet 
on analysis contained 8 meq potassium/kg, 340 
meq sodium/kg, and 7.0 meq magnesium/kg. A 
mixture of magnesium chloride and magnesium sul- 
phate was added to bring level of magnesium in stock 
diet to 30 meq of magnesium/kg of diet. 


tion, half of the sham control group (Group 
C) and half of subtotally nephrectomized 
group (Group A) were fed a diet low in po- 
tassiumt but containing 30 meq of magne- 
sium/kg of diet and adequate in all other nu- 
trients. Remaining animals (Groups B and 
D) were fed the same diet to which potas- 
sium had been added (0.85 g KH»yPO, and 
0.58 g KCl to 100 g diet). This diet was con- 
tinued 70 days, when blood was taken under 
oil from the aorta in each animal and the ani- 
mal killed. The muscle was analyzed for po- 
tassium by the method of Darrow(3) using a 
Baird flame photometer. Serum COs, content 
was measured manometrically by the method 
of Van Slyke and Neill(4). The heart was 
fixed, bisected and after embedding was sec- 
tioned so that the myocardium of each ven- 
tricle and auricle might be examined. The 
extent of myocardial lesion was graded 0, 1-++, 
2+, 34+, or 4+ depending on number of le- 
sions seen on low-power examination of a cou- 
ple of complete sections through middle of 
heart, by an observer who had no knowledge 
of the grouping of the animals. 


Results are presented in Table I. There 
was Clearly a greater depletion of muscle po- 
tassium in subtotally (5/6) nephrectomized 
animals (Group A) than in sham operated 
controls (Group C), when both were on a 
low potassium diet. Serum potassium levels 
were also significantly lower in the subtotally 
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nephrectomized group, than in the sham op- 
erated control group on a low potassium diet. 
In studies by others(5), degree of elevation 
of serum COs in potassium deficient rats is 
correlated closely with the fall in muscle po- 
tassium, but in animals reported here, where 
there was clearly a greater degree of muscle 
potassium depletion in sub-totally nephrec- 
tomized animals (Group A) than in sham op- 
erated controls (Group C), there was no sig- 
nificant difference in serum CQO» content. The 
most severe myocardial focal necrosis and 
fibrosis was observed in subtotally nephrecto- 
mized animals made potassium deficient 
(Group A). These lesions were very much 
more severe in subtotally nephrectomized 
potassium depleted animals than in sham 
animals subjected to potassium deficiency. 
Degree of necrosis and scarring naturally 
varied from animal to animal, but in none 
of the sham controls of Group C was the 
lesion as severe as in the least affected of 
subtotally nephrectomized group (Group A). 

Discussion. These findings indicate that 
rats with chronic renal insufficiency induced 
by subtotal (5/6) nephrectomy become more 
potassium deficient on a low potassium diet 
than sham-operated control animals on the 
same diet. While this finding is consistent 
with adrenal cortical overactivity in subto- 
tally nephrectomized rats, there remains the 
possibility that the increased loss of potas- 
sium resulted directly from impaired renal 
function. When such sub-totally nephrecto- 
tomized animals are on a normal diet, excre- 
tion of potassium is no greater after than 
before subtotal nephrectomy(6). Prelimi- 
nary experiments have shown that a sub-to- 
tally nephrectomized rat can reduce its urinary 
loss of potassium in much the same fashion as 
a normal rat, when placed on a low potassium 
intake. These facts suggest that nothing like 
a form of potassium losing nephropathy is in- 
duced by the operation. Whatever may be 
the initiating factor in the overall increased 
loss of potassium, when subtotally nephrec- 
tomized animals are placed on a low potas- 
sium diet, it seems likely that increased secre- 
tion of adrenocortical hormones is involved 
in the process. Increased secretion of adreno- 
cortical hormones might also explain the 
greater incidence and severity of myocardial 


lesions in rats with a subtotal nephrectomy on 
a low potassium diet (Group A), than in sham 
controls on the same diet (Group C), since 
administration of adrenocortical hormones in- 
creases susceptibility of the myocardium to 
damage in potassium deficiency(7,8). In 
previous experiments(9,10) subtotally (5/6) 
nephrectomized rats formed and _ excreted 
more urea and lost more potassium than sham 
operated controls, when both were starved for 
4 days. Such findings were again possibly 
the result of greater adrenal activity in sub- 
totally (5/6) nephrectomized animals. These 
observations concerning potassium metabolism 
of rats with chronic renal insufficiency may 
have a bearing on metabolic derangements in 
chronic nephritis in the human, and are to be 
reported elsewhere in detail. 

Summary. Subtotally 5/6 nephrectomized 
rats and sham operated controls were fed a 
diet deficient in potassium. Subtotally ne- 
phrectomized animals had significantly less 
potassium in their muscles, and a lower serum 
potassium than control animals; there ap- 
peared to be no difference in serum CO, con- 
tent in the 2 groups; subtotally nephrecto- 
mized rats showed more focal necrosis and 
fibrosis of the myocardium than control ani- 
mals on a low potassium diet. 
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Phosphorus Metabolism in Infection with Murine Leukemia Virus. (25574) 


HILTON B. Levy anp LeRoy F. SNELLBAKER 
U.S. Dept. of H.E.W., P.H.S., Nat. Inst. of Allergy and Infect. Dis., Lab. of Biology of Viruses, 
Bethesda, Md. 


Our previous reports(1,2) indicated that 
_there is increased in vivo uptake of P?? by 
spleens of mice infected with leukemia-induc- 
ing virus described by Friend(3), as compared 
with non-infected controls. This increased 
uptake of P** occurs before the infected spleen 
shows enlargement characteristic of the dis- 
ease. At this early stage of infection little or 
no pathological alterations can be seen, and 
little or no new virus has been formed. Under 
conditions in these tests stimulation of P?? up- 
take is to some degree specifically related to 
this disease, in that it is not seen in some other 
diseases characterized by spleen enlargement 
or pathological changes. These other diseases 
are histoplasmosis, lymphocytic choriomenin- 
gitis, and several transplanted leukemias. On 
the other hand, spontaneous leukemia in AKR 
mice and a leukemia induced by Gross’s virus 
(4) do show the stimulated P®? uptake. As 
with some human leukemias and lymphomas, 
the disease produced by the Friend virus un- 
dergoes temporary remission on treatment 
with X-ray. In most cases the spleen in re- 
mission shows presence of many abnormal 
cells characteristic of the disease. Consistent 
with this latter observation, the P** uptake 
of spleens in X-ray induced remission is higher 
than that of spleens from X-ray treated con- 
trol animals(2). A more detailed examination 
of phosphorus metabolism of infected spleens 
was therefore undertaken. The effect of X- 
ray was also studied. 

Methods. Virus and mice. Preparation of 
virus, method of infection, treatment with X- 
ray and mice used have been described(1). 
Fractionation and analytical methods. The 
general plan of experiments was as follows: 
About 20-40 infected and equal number of 
control mice were given 5-15 pc P** i.p., and 
sacrificed 3 hours later, when spleens were re- 
moved, chilled and fractionated. Several ex- 
periments were done in which biochemical 
fractions of whole cells were separated by the 
Schneider, Schmidt-Thannhauser method(5). 


Results by this procedure were consistent with 
those obtained by subcellular fractionation 
combined with biochemical fractionation of 
subcellular elements, and will not be presented 
separately. Subcellular fractionation was per- 
formed as follows: spleens of mice killed by 
cervical fracture were perfused in situ with 
cold 0.85% NaCl, about 3-7 ml/mouse, by 
inserting 27-gauge short needle successively 
into several places in the spleen and gently ex- 
pressing perfusing fluid from the syringe. The 
perfusate contained mostly red cells which 
otherwise would have formed the bulk of the 
nuclei preparation. Spleens were collected in 
ice cold 0.25 M sucrose and fractionated into 
subcellular particles using 0.25 M sucrose ac- 
cording to the method of Schneider and Hoge- 
boom, as given in Umbreit, et al.(6), except 
that the nuclei were sedimented twice at 1000 
rpm for 10 minutes in International rotor No. 
253, and once at 2000 rpm for 10 minutes the 
mitochondria were sedimented in Servall SS-1 
centrifuge at 9000 rpm for 10 minutes.* 
Results. Experiments were performed on 
animals infected from 2 to 10 days. The earli- 
est that metabolic changes were detected was 
3 days after infection, when spleens had not 
yet enlarged. The data presented are re- 
stricted to 3-day, and 10-day infection, when 
marked spleen enlargement had occurred. 
The effects of 3 days of infection on con- 
centration of phosphorus in lipid and nucleic 
acid fractions of subcellular elements, and on 
uptake of P* into these fractions are shown 
in Table I. With respect to phosphorus up- 


* In spite of perfusion of spleen, a great many red 
blood cells were in the nuclei fraction and some in 
the mitochondria fraction. It was sometimes neces- 
sary to resort to additional high and low speed cy- 
cles of centrifugation to reduce number of red blood 
cells. Judging by loss of DNA this additional wash- 
ing resulted in loss of 20-40% of the original nuclei. 
Because of these losses the y P/mg figures for nuclei 
and mitochondria represent only minimal values, but 
they serve to indicate relative values for infected and 
control tissues. 
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TABLE I, Alteration in Ph dhorus Metabolism Associated with 3-Day Infection with Friend 
Virus. 
Infeeted Control Ratio: 
Spee. act. in- 
SeAy, S.A., fected/Spece. 
y P/mg epm/y P y P/mg epm/y P act. control 
Nuelei 
Lipid 25 24 24 25 96 
Nucleie acid 1.65 30 1.61 32 94 
Mitochondria 
Lipid 18 31 2 29 1.05 
Nuclei¢ acid .02 142 02 132 1.08 
Microsomes 
Lipid 45 22 54 18 1.23 
Nueleie acid 236 22 38 18 123) 
Supernatant 
Lipid 08 78 10 44 1.80 
Nucleie acid 1.43 29 1.26 20 1.45 


take the early effects (3 days) of the virus 
were restricted to stimulation of the micro- 
some and supernatant fractions. In 2 other 
experiments the results were qualitatively 
the same although S.A.’s varied from experi- 
ment to experiment. 


Table IIA presents comparable data for a 
10-day infection. . Specific activities of frac- 
tions from 10-day infected tissues are all 
higher than from uninfected ones, in all 4 ex- 
periments. In general, concentrations of sev- 
eral P fractions in infected spleens, particu- 
larly DNA phosphorus, were higher than 
those of control spleens, but not always so. 

Data of Table ITA were obtained from half 
of group of mice. The other half was X-rayed 


on day 8 of infection, and given P®* and killed 
on day 10. Then average spleen weights were 
the same in X-ray infected and X-ray control 
animals, 0.065 g, as compared to 1.14 g for 
unirradiated infected and 0.184 g for unir- 
radiated controls. Spleens of X-irradiated in- 
fected animals had about 1 log unit less virus 
than the non-irradiated ones. Data are sum- 
marized in Tables IIB and III. 


It is clear that X-irradiation reduces con- 
centration of nuclear nucleic acid in both in- 
fected and control tissues, and reduces P*? 
uptake into virtually all fractions in both 
groups. However, Table III shows that P*? 
uptake into fractions, particularly nucleic acid 
fractions, from infected tissues is more 


TABLE IT. Alteration in Phosphorus Metabolism Associated with 10-Day Infection with Friend 


Virus. 
(A, INO army ~ — B. X-rayed eS 
Infected Control Infected Control 
vy P/mg S.A. y P/mg S.A. yP/mg S.A. vy P/mg S.A. 
Nuclei 
Lipid Hi 348 (fil 127 44 132 64 109 
DNA 2.3 400 oun 273 54 130 sO, 168 
RNA 1.8 395 Le 300 46 114 43 116 
Mitochondria 
Lipid 46 363 i 159 64 219 Mie 150 
RNA 22 309 .09 212 sil 98* .09* 194* 
Microsomes 
Lipid 56 389 40 235 38 237 1.01 154 
RNA .83 394 zou 132, Aye 359 23 322 
Supernatant 
Lipid By 895 asi 258 ABul 245 1.10 175 
RNA 3.80 452 71 277 .26 242 Tail 185 


* Sample lost. These data from previous experiment. 
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TABLE III, Ratio of Specific Activities of Frae- 
tions from Infeeted Spleen to Those from Controls. 
ee LOR OUTS: 


%J veduetion 


Non X-ray X-ray by X-ray 

Nuelei 

Lipid rani: Oe: 56 

RNA ay? 98 26 

DNA 1.47 shel 48 
Mitochondria 

Lipid 2.28 1.46 36 

RNA A CiCIES2) = = ( sl) G2)" 
Microsomes 

Lipid 1.65 1.5 7 

RNA 2.99 na 63 
Supernatant 

Lipid 3.46 1.40 60 

RNA 1.63 IESE 20 


* Sample lost. These data from previous experi- 
ment. 


strongly inhibited than those from controls. 

Discussion. If one assumes that on day 3 
of infection with Friend leukemia agent, most 
infected cells are in early phases of virus re- 
production, then it appears that re: phos- 
phorus metabolism, the first detectable ef- 
fectt of the virus stimulates the microsome 
and subparticulate RNA and lipid. This 
could mean that virus RNA combines with mi- 
crosomal particles to act as templates for 
manufacture of new virus materials, and is 
consistent with current thoughts on the role 
of microsomal particles and subparticulate 
elements in the synthesis of protein and RNA. 
(Previous work with fluorescent antibody (2) 
showed viral antigen in the cytoplasm of in- 
fected cells.) This hypothesis, however, is 
but one of several that could be used to ex- 
_ plain the findings. 

Animals infected for 10 days show increased 
P®? uptake into all biochemical fractions. It 
should be noted that the physical condition 
of spleens after 10 days infection was not 
the same for all experiments. Average wet 
spleen weights in 4 experiments were 0.766, 
0.900, 1.14 and 1.46 g with ratios to control 
spleen weights ranging from 31% to 7. There 
were varying degrees of engorgement with 
blood. In some experiments there was a 2- 
fold increase in DNA concentration as com- 


+No effects were found prior to day 3, and in 
some experiments with weaker virus preparations, 
none were found even on day 3. 
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pared to controls, in some there was none. It 
may be that DNA concentration was high in 
spleens that were still growing rapidly, and 
decreased when growth reached a plateau, but 


there were not enough experiments to estab- 
lish this. 


X-irradiation reduced spleen size promptly 
and markedly in both infected and control 
mice. In experiment reported here in detail, 
infected spleens were reduced to the same size 
as controls, even though prior to irradiation, 
infected spleens averaged 6 times the size of 
controls. This reduction in infected spleen size 
after irradiation was a little more marked than 
usually seen. 

It is worthy of mention that increase in P®” 
uptake/mg of tissue occasioned by infection 
was about as much after irradiation as before, 
even though irradiation caused a decrease in 
the ratio: 


Specific activity of biochemical fraction from 
Infected tissues 


Control tissues ee 
This is understandable when one realizes 
that total radioactivity of a tissue depends 
upon both amount of phosphorus in different 
fractions, and their specific activities. Con- 
sider as an example the following hypotheti- 
cal situation: 


Tissue 1 (High spec. act. 
Biochemical fractions) 
fraction vy P/mg S.A.  ¢epm/mg tissue 
A 20 108 2160 
B 10 279 2790 
Total epm/mg tissue 4950 
Avg S.A. 165 
Tissue 2 (Low spee. act. 
Biochemical fractions) 
fraction 7 P/mg S.A.  epm/mg tissue 
iN 10 80 800 
B 20 245 4900 
Total epm/mg tissue 5700 
Avg S.A. 190 


From the above, even with only 2 fractions 
to work with, distribution of total phosphorus 
between low and high specific activity frac- 
tions can lead the cpm/mg of tissue and aver- 
age specific activity of Tissue 2 to be higher 
than those of Tissue 1 even though specific ac- 
tivities of individual biochemical fractions of 
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Tissue 1 are higher than those of Tissue 2. It 
is clear therefore that in some cases compari- 
son of uptake of radioisotope by 2 whole tis- 
sues may give a misleading idea of their rela- 
tive metabolic activities. As a corollary it 
follows that the more detailed the biochemical 
fractionation, the more meaningful are the 
data. 

Summary. Some aspects of phosphorus me- 
tabolism of spleens of mice infected with 
Friend leukemia agent have been presented. 
A comparison has been made of concentrations 
of different phosphorus-containing cellular 
components as well as uptake of P** into these 
components. Early in the infection, before 
significant spleen enlargement occurs, increase 
in uptake of P*” is restricted to microsomal 
and subparticulate lipid and nucleic acid. 
Later when spleen enlargement is marked, 


Stability Characteristics of Coe Virus.* 
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all phosphorus-containing fractions studied 
showed increased P*? uptake. X-irradiation, 
which caused marked reduction in spleen size, 
reduced P** uptake into fractions of both con- 
trol and infected spleens, with greater reduc- 
tion in the infected ones. 
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In preparation for studies of epidemiology 
of infections due to Coe virus, an agent iso- 
lated from the respiratory tract by Lennette 
and co-workers(1), it was important to inves- 
tigate stability of this agent and to determine 
optimum conditions for handling and storing 
the virus. This paper presents evidence which 
indicates that Coe virus is relatively stable 
under varying conditions of pH and tempera- 
ture. 

Materials and methods. Tissue culture. 
Strain DMB cells derived from nasal mucosa 
were employed, using methods previously de- 
scribed(2). The nutrient fluid consisted of 
40% pooled human serum and 60% Hank’s 
balanced salt solution. Cells were washed 3 
times with Hanks salt solution prior to use 
for virus growth. The maintenance fluid con- 
sisted of Scherer’s MS 84.5%, chicken serum 


* This investigation was conducted under sponsor- 
ship of Commission on Acute Respiratory Diseases, 
Armed Forces Epidemiological Board, and supported 
by Office of Surgeon General, Dept. of Army. 


8.0%, and tryptose phosphate broth 7.5% 
(3). Coe virus was supplied by Dr. E. H. 
Lennette after 6 passages in HeLa cells. Virus 
pools were prepared following 5 or 6 subse- 
quent passages in DMB cells. Infectivity 
Titrations. Serial 1:3.2 (10°°) dilutions 
were prepared in Hanks balanced salt solu- 
tion, and 0.1 ml of each dilution was inocu- 
lated into each of 2 DMB cell culture tubes. 

Inoculated tubes were incubated in stationary — 
racks at 37°C for 5 days. A culture was con- 
sidered infected when 50% or more of cells 
had undergone specific cytopathic changes. 
Infectivity titer end-point expressed/0.1 ml 
inoculum was calculated as highest dilution of 
virus which infected one-half of tubes inocu- 
lated. Alterations of pH. Viral suspensions 
were adjusted to the desired pH with 0.5 N 
HCl or NaOH essentially as described by 
Ginsberg in a study of adenoviruses(4); in 
our study pH was measured with Beckman 
glass electrode meter. After adjustment to 
various hydrogen ion concentrations, the virus 
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suspensions were allowed to stand at room 
temperature 30 minutes before readjustment 
to pH 7.3 - 7.5. The treated aliquots were 
then rapidly frozen and stored at —70°C until 
titrated simultaneously in DMB cells. Other 
methods of treatment and storage are de- 
scribed in relation to the results obtained. 


Results. Localization of virus. To deter- 
mine necessity for cell disruption when har- 
vesting Coe virus infected cultures, the locali- 
zation of virus at time of maximum cytopathic 
effect was investigated. Maximum CPE was 
obtained in 10 ml bottle in 48 hours. One- 
half of harvest was frozen and thawed 6 times, 
centrifuged at 2000 rpm for 10 minutes, and 
stored at —70°C. The supernatant fluid was 
removed from the other half after centrifuga- 
tion of cells, and similarly stored. Cells were 
then washed 3 times in Hanks salt solution, 
and resuspended in an amount of maintenance 
fluid equal to volume of supernatant fluid re- 
moved. This suspension of cells was frozen 
and thawed 6 times, the debris centrifuged, 
and the fluid stored and titrated simultane- 
ously with other aliquots. The titers were as 
follows: whole harvest after freezing and 
thawing, 10-®-°; supernatant fluid, 10°°:”; cells 
after freezing and thawing in new fluid, 10°’. 
Repetition of experiment gave the following 
results: titer of whole harvest, 10-°-°; superna- 
tant fluid, 10°°-*°; cells, 10-°.°; recombination 
of supernatant fluid and suspension of dis- 
rupted cells, 10°". Since 25% to 50% of 
viral particles were still intracellular at time 
of maximum CPE, all subsequent harvests 
were subjected to freezing and thawing to 
disrupt the cells. 

Stability after repeated freezing and thaw- 
ing. After initial disruption cycle of 6 freez- 
ings and thawings, aliquots of Coe virus har- 
vest were placed in sealed ampules and stored 
at —70°C. On successive days, the ampules 
were thawed at 37°C and refrozen in a dry 
ice-alcohol bath once each day, and returned 
to storage until completion of the tests. Re- 
peated daily thawing of a virus suspension 
during 12 days of storage at —70°C resulted 
in no significant decrease in titer. 

Stability on storage. Aliquots of virus SUS- 
pensions were placed in sealed glass ampules, 
stored at 4°C or room temperature (22-26°C) 


TABLE I. Stability of Coe Virus at 4°O and Room 
Temperature (22°-26°C). 
ee 


Infectivity Infectivity 
titer titer 
(log 10) (log 10) 
Days of Room Days of Room 
storage 4°C temp. storage 4°C temp. 
0 -6.0 —6.0 8 —5.5 ut 
] iy Ba 10 —5.25 -5.5 
2 —5.5 nt 12 5.25 ut 
3 S0) 18) fi) 15 nt —5.5 
4 =—).) —0.D 16 5.29 nt 
5 —5.9 —-5.5 20 —5.5 —5.29 


for various periods of time, and then stored at 
~—70°C until end of experimental period. In- 
fectivity titrations were performed simultane- 
ously on all 4°C samples; similarly, on all 
room temperature samples. Table I indicates 
that Coe virus retains its infectivity at these 
temperatures for 20 days. 

Stability at 37°C. Rate of inactivation of 
Coe virus when incubated at temperature used 
for propagation, i.e., 37°C, was next deter- 
mined. Undiluted culture fluid in sealed glass 
ampules was held at 37°C until assay. Al- 
though relatively stable when stored over a 
wide range in temperature, Coe virus deteri- 
orated at 37°C. The geometric means of 2 
experiments (Fig. 1) demonstrate that 90% 
of the virus was inactivated within 3 days, and 
that less than 1% of infectivity remained 
after 20 days. 


Inactivation at 50°C. Rate of inactivation 
of Coe virus was determined by heating 1.0 
ml volumes in a 50°C water bath for increas- 
ing periods of time. At each time interval a 
heated aliquot was immediately immersed in 
an alcohol-dry ice bath, and stored until in- 
fectivity titrations were done on all samples. 
Because of the persistence of infectious virus 
even after 30 minutes, the experiment was re- 
peated 3 times, and the geometric means of 
infectivity end points calculated. Fig. II 
shows that more than 99.9% of virus was in- 
activated within 5 minutes. However, a small 
number of virus particles did survive for as 
long as 30 minutes. Virus infectivity could 
not be detected in the aliquot heated for 1 
hour, nor was virus detected when this fluid 
was passaged undiluted and through one ad- 
ditional blind passage. 

Inactivation by varying pH. Data relative 
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to the stability of Coe virus when aliquots of 
a suspension were adjusted to varying pH val- 
ues are plotted in Fig. 3. Coe virus was rela- 
tively stable at 22°-24°C between pH 6.0 and 
9.0. Virus was inactivated outside of this 
range, but survival of virus even at pH’s as 
low as 1.4 and as high as 10.8 emphasizes the 
stability of the infectious property. 

Resistance to ether. Because of the impor- 
tance accorded this characteristic in classify- 
ing viruses, the stability of Coe virus was 
tested by adding 0.4 ml of diethyl ether to 1.6 
ml of virus suspension. The mixture was 
stirred at 4° for 15 hours, the ether removed 
following separation, and the virus titered. 
The titer of this suspension before treatment 
was 10°:°; the titer after exposure to ether 
was 10*°. Thus, Coe virus was found to be 
ether resistant. 

Discussion. Our data indicate that Coe vi- 
rus is relatively resistant to inactivation by 
ether, by heat, and by pH changes. Pereira 
and Pereira(5) also found the agent to be 
ether resistant, and estimated size of Coe vi- 
rus to be approximately 20 ». Even though 
the virus does not grow in monkey kidney 
cells, these authors suggested that it be classed 
as an enterovirus. In terms of ether resistance 
and thermal stability, with deterioration of in- 
fectivity at 37°C, Coe virus does resemble a 


number of ECHO strains(6). It is equally 
true that the stability characteristics of Coe 
virus are similar to those of the adenoviruses 
(4), although Coe virus is more rapidly inac- 
tivated at.37,-C: 

Coe and adenoviruses grow in similar tissue 
culture cells—HeLa, KB, DMB, human am- 
nion(1,5), but Coe virus dissociates much 
more readily from infected cells. When an 
adenovirus infected culture has undergone 
maximum cytologic alterations, only 2% to 
6% of the virus detected in the cells is present 
in the fluid phase(7). Type 8 adenovirus is 
apparently an exception, for cell disruption is 
not necessary(8). Satisfactory titers of Coe 
virus can be obtained by harvesting the fluid 
phase alone, but the yield can be doubled by 
simultaneous disruption of the cells. The 
smaller Coe virus does not possess the com- 
mon complement-fixing antigen shared by the 
adenoviruses; nor is Coe virus related to the 
myxoviruses or hemadsorption viruses(1). 
Since comparison of Coe virus with other ani- 
mal viruses indicates that its stability to heat 
and pH alterations is of the same order as both 
the enteroviruses and adenoviruses(4,6), it is 
apparent that characteristics other than these 
must be used for classification. 

The stability of Coe virus at 4°C, room 
temperature, and when maintained in the 
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frozen state, should facilitate attempts to iso- 
late this agent from human sources, and to de- 
fine further its role as a respiratory pathogen. 

Summary. Coe virus dissociates from in- 
fected cells, but 25% to 50% of virus is still 
intracellular at time of maximum cytopathic 
effect. The virus was relatively stable when 
exposed to repeated freezing and thawing, and 
to storage at —-70°C, 4°C, and room tempera- 
ture. At 37°C, 90% of the virus was inacti- 
vated within 3 days, and less than 1% of 
particles were infectious after 20 days. Coe 
virus is rapidly inactivated at 50°C, but a 
few particles survive 30 minutes at this tem- 
perature. Coe virus is ether resistant and re- 
sistant to inactivation at pH 6 to 9. 
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Development of Myeloid (Chloro-) Leukemia in Thymectomized C3H Mice 


Following Inoculation of Lymphatic Leukemia Virus.* 


(25576) 


LuUDWIK Gross 
(With technical assistance of Yolande Dreyfuss and Lorraine A. Moore) 
Cancer Research Unit, Vet. Admin. Hospital, Bronx, N. Y. City 


Results of recent preliminary experiments 
suggested(1) that thymectomy renders mice 
of an otherwise susceptible strain (C3H) re- 
sistant to leukemogenic action of a highly po- 
tent lymphatic leukemia virus (passage A). 
This report deals with a) further observations 
of injected, and thymectomized mice for de- 
layed development of leukemia; b) an at- 
tempt to restore susceptibility by subsequent 
implantation of normal mouse thymus, and c) 
the unexpected development of myeloid 
(chloro-) leukemia in some of the thymecto- 
mized mice inoculated with the lymphatic leu- 
kemia virus, and in one additional non-thy- 
mectomized mouse inoculated with the same 
virus and implanted with normal mouse thy- 
mus. 

Methods. Passage A strain of leukemic vi- 
rus initially derived from spontaneous Ak leu- 
kemia(2) and then passed serially by cell-free 
inoculations through newborn mice(3,4) was 


* Aided, in part, by grants from Damon Runyon 
Memorial Fund, and Am. Cancer Soc. 


used. Now in its 21st serial passage, this 
virus induces consistently lymphatic leukemia 
in 85 to 100% of suckling C3H mice (Bittner 
subline) inoculated at less than 10 days of 
age. The average latency is about 2% to 
3% months. Adult mice are also susceptible; 
up to 65% develop leukemia following intra- 
peritoneal inoculation of the virus, but the 
latency is prolonged, varying usually from 4 
to 6 months. Leukemic filtrates (Selas 02) of 
20% concentration were prepared(3,4) from 
pooled leukemic organs from several C3H 
donors with primary, passage A virus-induced 
leukemia. All mice were of the C3H, or fos- 
ter-nursed C3H(f) lines, both of Bittner sub- 
strain, bred in our laboratory. Spontaneous 
lymphatic leukemia in untreated mice of our 
C3H and C3H/(f) colonies does not exceed 
0.5% (4). We have never seen myeloid leu- 
kemia developing spontaneously in these mice. 

Results. Resistance of thymectomized mice 
to inoculation of virus. It appeared previously 
that thymectomy either a) following, or b) 
preceding inoculation of passage A virus ren- 
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TABLE TI. Inoculation of Leukemie Filtrates into Suckling C3H Mice, Followed by Thymeec- 
tomy. 

————- Thymectomized* ——_—___, Controls = 
S : 2 oe 2 Be s S 2 oe Che kp 2 

we 1S oe ene ers aoe as F af 55 we 

ous ined ad Soy: sy S © One rs ad Sie refs: Se 

ane ar-| 5 ond ee els Bans) - 4 S on on 7s on a 

aes a Oo Bo. eis ase Oa Se OS ee Ceo een eee 

ia PAS, AS aS Ss) an ams Aa VAS ees =< Sa Aes eee 

60 268 43 10 5 9 85 79 93 3.6 2 4.8 


* Avg age at thymectomy 32 days. 


+ 0.10 to 0.15 ml of 20% passage A fil. s.c. or ip. Avg age at inoc., 3 days. 


+ 


{ Avg age thymectomized mice died, or suryived, with no signs of leukemia, 14.5 mo. 


§ 8 mice among these developed myelogenous leukemia at 12 to 14 mo of age. 


dered mice resistant to development of leu- 
kemia. The reservation was made, however, 
that leukemia might still develop later in some 
thymectomized mice since the average age of 
surviving animals in group a) was only 4% 
months(1). This indeed was the case. A 
considerable number of mice injected when 
newborn with virus and subsequently thymec- 
tomized, eventually developed leukemia. The 
incidence among controls was nevertheless 
substantially higher and leukemia developed 
earlier (Table I). 

Of 60+ mice inoculated with passage A leu- 
kemia virus at average age of 3 days, and thy- 
mectomized about a month later, 7.e., at an 
average age of 32 days, 26 (43%) developed 
leukemia at average age of 10 months. Of 
these, 8 developed myelogenous leukemia 
(chloroleukemia), in 4 the leukemias were un- 
identified, and in 14 lymphatic disease oc- 
curred. The remaining mice survived with no 
signs of leukemia to average age of 14.5 
months. Of 85 litter-mate controls, inoculated 
simultaneously with the same filtrates, but not 
thymectomized, 79, or 93% developed lym- 
phatic leukemia, after average latency of only 
3.6 months. Thus, thymectomy performed af- 
ter inoculation of the virus, inhibited develop- 
ment of the disease in some animals, or de- 


layed it considerably in others. A different 
form of leukemia, hitherto not observed in 
our mice, that had been inoculated with the 
same virus, appeared in some of the thymecto- 
mized group. A few mice also developed sub- 
cutaneous fibro-myxo-sarcomas which were 
probably unrelated to inoculation of the leu- 
kemia virus. Passage A filtrates contain the 
parotid tumor virus(5), capable of inducing, 
among other tumors, also subcutaneous sar- 
comas. Thymectomy rendered most of these 
mice refractory to development of leukemia 
and prolonged their lives. Subcutaneous sar- 
comas developed, usually late, in some of these 
mice. 

On the other hand when thymectomy was 
performed prior to inoculation of leukemia 
virus, no leukemia resulted even after pro- 
longed observation. Thirty-ninet young adult 
C3H mice were thymectomized when 4 to 6 
weeks old, and inoculated a few days later 
with passage A filtrate. None had developed 
leukemia, although all were observed until an 
average age of 15 months. Of 41 non-thymec- 
tomized control mice, inoculated simultane- 
ously, when approximately 2 months old, with 
the same leukemic filtrate, 26 (63%) devel- 
oped lymphatic leukemia at an average age of 
8.7 months (Table IT). 


TABLE II. Effect of Thymectomy, Preceding Inoculation of Leukemie Filtrates, on the Inei- 
dence of Virus-Induced Leukemia. 


Thymectomized \ c Controls: . =~ 
Ageat ) Novor No. of Avg age 
thym., mice No. dev. Avg sury. mice No. dey. Leuk. leuk. dey., Avg sury. 
days inoc.* leuk. age, mo inoc.* leuk. ine., % mo age, mo 
55 39) 0 15 41 26 63 8.7 14 


* 0.5 ml of 20% passage A filtrate ip. each. Avg age at inoc., 59 days. 


+t Several mice were added to this series since the 
last report was published(1), 
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TABLE IIT. Effeet of Subcutaneous Implantation 

of Normal Thymuses on Susceptibility of Thymee- 

tomized C3H Mice to Leukemogenic Action of Pas- 
sage A Filtrates. 


Filtrate then 
thymectomy t 
followed by 

implantation 


Filtrate of normal Filtrate then 
only thymus¢ thymectomy || 
No. of mice 36 20 5 
inoc.* 
No. dey. 35 18\ 2 
leuk, 
Leuk. inc., Ni 90 40 
To 
Avgageleuk. 3.6 8.3 8.5 
dey., mo 


* Avg age at inoculation, 6 days. 

+ Interval between inoculation of filtrate and thy- 
mectomy, 1 mo. 

+ Interval between thymectomy and implantation 
of thymus, 7 to 30 days, avg 15 days. 

§ 2 of these leukemias were myeloid (chloroleu- 
kemia). 

|| The No. of mice in this column is small, but is 
supported by similar data in Table I. 


Attempt to restore susceptibility of thymec- 
tomized mice by implantation of normal thy- 
mus. Suckling C3H mice less than 8 days old 
were inoculated with passage A filtrate. After 
approximately 3 weeks these mice were di- 
vided into 2 groups. One group served as 
control. Mice of the other group were thy- 
mectomized. Seven to 30 days (average 15 
days) after thymectomy, 20 thymectomized 
mice received implants of normal thymuses 
immediately after aseptic removal from 
young, approximately 3 weeks old, healthy, 
untreated C3H mice. Implants of whole thy- 
muses from 2 donors were inserted through a 
small incision in skin of the back of each thy- 
mectomized mouse, and gently pushed into 
the subcutaneous tissue toward the chest. 
The wound was closed by one or 2 interrupted 
sutures. Of 36 control mice inoculated with 
the filtrate, 35 (97%) developed leukemia 
after average latency of 3.6 months. Of 20 
mice inoculated with the filtrate, thymecto- 
mized later, and subsequently implanted with 
thymuses, 18 (90%) developed leukemia at 
an average age of 8 months (Table III). At 
least 2 of these leukemias were myeloid 
(chloroleukemia). In some of these mice a 
large tumor developed at site of subcutaneous 
implantation of normal thymuses; these mice 


also showed, however, evidence of generalized 
lymphatic leukemia, such as large spleens and 
livers, infiltrated with lymphoid cells, and 
large peripheral lymph nodes. In a small ad- 
ditional control group, 5 mice had been inocu- 
lated with the leukemic filtrate and were later 
thymectomized, but did not receive subse- 
quent thymus implants. Only 2 of these de- 
veloped leukemia after a latency of 8.5 
months. These experiments suggest that sus- 
ceptibility of thymectomized C3H mice to 
leukemogenic action of passage A virus could 
be restored by implanting into such mice nor- 
mal thymuses from young, healthy C3H mice. 


Development of myelogenous leukemia in 
mice that had been inoculated with passage A 
filtrates. Some C3H mice inoculated when 
newborn with passage A filtrates, and subse- 
quently thymectomized, remained healthy for 
a time, but when approximately 12 months 
old, developed palpable spleens and enlarged 
peripheral lymph nodes. Autopsy of one of 
these leukemic mice revealed a green color of 
the peripheral lymph nodes and a more de- 
tailed examination, including microscopic 
studies of blood and other organs revealed 
myeloid leukemia. Within a few weeks 7 
other mice with a similar form of leukemia 
were found among surviving filtrate-injected 
and subsequently thymectomized C3H mice. 
Myeloid leukemia also developed in 3 addi- 
tional mice that had been inoculated with pas- 
sage A virus; only 2 of these 3 mice had been 
thymectomized, but all 3 received subcutane- 
ous normal C3H thymus implants. 

C3H mice not inoculated with passage A 
filtrate, though thymectomized, did not de- 
velop myelogenous leukemia. In an unrelated 
experiment, 22 normal C3H mice not inocu- 
lated with leukemic filtrate were thymecto- 
mized when 3 to 4 weeks old. They were 
then observed without further treatment until 
they were 14 to 15 months old. None devel- 
oped leukemia. 

Morphology. All 11 mice with primary 
myeloid leukemia presented similar pathology. 
The moderately enlarged superficial and inter- 
nal lymph nodes were in most instances of a 
characteristic light green color suggesting the 
diagnosis of chloroleukemia. The green color 
was particularly pronounced in 7 out of the 
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11 mice examined. Spleens were large, but 
livers were only slightly enlarged and of 
brown color. The number of peripheral white 
blood cells was increased (to 149,000/cu 
mm). Blood smears revealed in all 11 mice 
the presence of myeloblasts, myelocytes, me- 
tamyelocytes and unidentified large mononu- 
clear cells; there were numerous myeloid cells 
and polymorphonuclear leukocytes in all 
phases of maturity, but relatively few lympho- 
cytes. Nucleated red blood cells were also 
present; in one instance the number of nucle- 
ated red blood cells was considerable (103 nu- 
cleated RBC per 100 WBC). There was rap- 
idly progressing anemia with a marked aniso- 
cytosis and polychromasia of erythrocytes. 
One leukemia could be identified as erythro- 
blastic. 

Transplantation of myeloid leukemia. Cell 
suspensions(2-4) from C3H donors with mye- 
loid leukemia were inoculated intraperitone- 
ally into young adult, 4 week old C3H mice. 
Leukemia developed in most of them after 
a latency of 2 to 6 weeks. The latency was 
shortened in subsequent transplantations. 
The characteristic green color of the super- 
ficial and internal lymph nodes was, however, 
considerably less pronounced in those mice 
that developed leukemia following transplan- 
tation of leukemic cells, than in initial donors 
with primary, virus-induced, leukemia. Some 
mice with transplanted leukemia revealed a 
varying amount of ascitic fluid and presence 
of multiple leukemic tumors in the peritoneal 
cavity resulting probably from the intraperi- 
toneally implanted leukemic cells. Some mice 
had peripheral blood changes characteristic 
for myelogenous leukemia; in some of the 
C3H mice with transplanted myeloid leuke- 
mia, the number of white blood cells reached 
500,000 and even 800,000/cu mm, with a 
large proportion of myeloblasts and immature 
myeloid cells. Frequently, however, lymphoid 
leukemia resulted, with a high proportion of 
lymphoblasts. 

Discussion. The fact that removal of thy- 
mus conferred resistance to C3H mice to 
passage A leukemogenic virus was observed 
in our laboratory(1) and independently by 
Levinthal and her associates(6). Removal of 
the thymus prior to inoculation of the virus 


was most effective, since such thymectomized 
animals did not develop leukemia even after 
long interval of time. On the other hand, 
when thymectomy followed inoculation of the 
virus, some mice eventually developed leu- 
kemia, either lymphatic, or myelogenous. 
There was, however, a substantial difference 
between these 2 groups in age at which inocu- 
lation of virus was performed. Animals thy- 
mectomized first received the virus when ap- 
proximately 4 or 5 weeks old. Mice of the 
other group received the virus shortly after 
birth, z.e., at time of higher susceptibility. 
This could explain why a substantial number 
of mice in this group later developed leuke- 
mia. Levinthal and her associates did not ob- 
serve development of leukemia in mice that 
had been inoculated with the virus and then 
thymectomized, but their experiments were 
terminated when the mice were only 7 to 9 
months old(6). It is conceivable that at least 
some of their thymectomized mice could have 
developed leukemia later. It is rather difficult 
to remove completely both thymic lobes in an 
operative procedure requiring skill and speed 
to avoid hemorrhage and respiratory difficul- 
ties. We assume therefore, that in at least 
some of our mice that developed lymphatic 
leukemia in spite of thymectomy, parts of 
their thymic lobes might have been left after 
operation. 

Implantation of a normal thymus into thy- 
mectomized animals restored their suscepti- 
bility to leukemogenic virus. In previous simi- 
lar experiments by Law(7), Kaplan(8), 
Carnes(9), and their associates, implantation 
of normal thymus into thymectomized mice 
also restored their susceptibility to carcinogen 
or radiation-induced leukemia, respectively. 
More recently Miller(10) also observed that 
susceptibility of thymectomized C3H mice to 
inoculation of passage A leukemic virus could 
be restored even several months after thymec- 
tomy, by implantation of a normal, homolo- 
gous thymus. These experiments suggest that 
thymus is not the only organ where the leu- 
kemic virus is stored. Animals that had been 
injected with the virus and were later thymec- 
tomized, apparently still carried the virus. 

The most startling finding was the recent 
observation of development of myeloid leuke- 
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mia in some of the thymectomized mice inocu- 
lated with passage A leukemia virus. That 
form of leukemia has not been hitherto observ- 
ed in normal C3H mice receiving only passage 
A virus without additional treatment. In pre- 
vious experiments several hundred newborn 
and suckling C3H mice had been inoculated 
with passage A filtrates. Up to 95% of the 
inoculated mice developed lymphatic leuke- 
mia. Over 70 blood counts were recently 
made on these mice. In some mice (not ex- 
ceeding 20%) the disease was aleukemic. 
Peripheral blood examination revealed in the 
majority increased numbers of white blood 
cells (average 53,300/cu mm) predominantly 
of the lymphocytic series (average 65% of 
lymphocytes) with presence of lymphoblasts 
(average 7.1%) consistent with the diagnosis 
of lymphatic leukemia. Quite frequently, 
however, the blood picture became leukemic 
only in terminal phases of the disease. 


Although there were not always significant 
peripheral blood changes, the plasma of these 
mice contained the virus. Filtrates of plasma 
from C3H mice with passage-A-virus-induced 
leukemia were almost as leukemogenic on in- 
oculation tests as the highest concentrations 
of “organ filtrates’(3,4) of spleens, livers, 
thymic tumors, and mesenteric and peripheral 
lymph nodes from the same donors. This ob- 
servation (unpublished) suggested that the 
leukemic virus is present in relatively high 
concentration in blood plasma of mice with 
passage-A-virus-induced leukemia. 


Development of myelogenous leukemia in 
some C3H mice inoculated with passage A 
(lymphatic) leukemia virus is of considerable 
interest. Most of these mice were thymecto- 
mized after inoculation with the agent. One 
is tempted to speculate that removal of thy- 
mus had a significant relation to development 
of myelogenous leukemia in these mice. An- 
other mouse also received passage A virus, 
but instead of having the thymus removed, re- 
ceived a subcutaneous implantation of an ad- 
ditional thymus from a homologous host. 
Here again there may be some obscure, per- 
haps indirect, relation between the implanted 
thymus and development of myelogenous leu- 
kemia. 


It could be assumed that development of 
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myelogenous leukemia was “spontaneous,” 
and had no relation to injection of the virus. 
It would be difficult nevertheless to accept 
such an explanation. We have never seen 
spontaneous myelogenous leukemia among 
untreated mice of our C3H or C3H(f) colo- 
nies observed during the past 15 years. One 
could assume, on the other hand, that myelo- 
genous leukemia developed in these mice as 
a result of inoculation of passage A leukemia 
virus. If so, a) the same virus might cause 
either lymphatic or myelogenous forms of leu- 
kemia, b) we may be dealing with a mixture 
of distinct leukemogenic viruses. 

A similar phenomenon was observed in mice 
of the Ak strain, which carry, and transmit 
naturally from one generation to another, a 
leukemic agent(2) presumably identical with 
that contained in passage A filtrates(3). If 
left undisturbed, up to 90% of Ak mice de- 
velop leukemia spontaneously, as a rule 
lymphoid, when about 7 to 12 months old. 
Development of myelogenous leukemia in un- 
treated Ak mice has been reported, but is ex- 
ceedingly rare(11,12). We have not seen mye- 
logenous leukemia among many hundreds of 
spontaneous Ak leukemias studied during the 
past 15 years. 

Incidence of spontaneous leukemia in mice 
of the Ak strain could be considerably reduced 
by thymectomy(13). Furth observed, how- 
ever, that among thymectomized Ak mice 
whose life was prolonged, several later devel- 
oped myelogenous leukemia(12). Chloroleu- 
kemia was also observed in a mouse of the Ak 
strain(14), but that particular animal had 
been irradiated. 

The first transmission of chloroleukemia in 
mice by cell transplantation was reported by 
Hall and Knocke(15). More recently, Graffi 
observed frequent development of chloroleu- 
kemia in mice inoculated with filtrates pre- 
pared from several transplantable mouse tu- 
mors. Only 10% of the myelogenous (chloro) 
leukemias observed by Graffi(16) could be 
transmitted by cell transplantation, but at 
least some of them could be transmitted by 
filtrates. The myelogenous leukemias we ob- 
served could be readily transplanted by cell 
graft, retaining their myelogenous blood 
morphology, or changing to lymphatic form. 
Attempts to transmit these leukemias to new- 
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born and suckling C3H mice by filtrates are 
now in progress in our laboratory.+ 


Burmester et al.(17) observed recently that 
when cell-free extracts prepared from a pre- 
sumably pure strain of avian myeloblastosis 
A were inoculated into susceptible chicks, 
either myeloblastosis, visceral lymphoblas- 
tosis (lymphatic leukosis), renal adenocar- 
cinomas, or osteopetrosis resulted. All com- 
binations were observed except a concurrent 
development of myeloblastosis and lymphatic 
leukosis. In another series Burmester ef al. 
observed that filtrates prepared from chicken 
erythroblastosis strain R induced either eryth- 
roblastosis, or visceral lymphomatosis. The 
fundamental question remains to be answered 
whether a single virus is capable of inducing 
different forms of chicken leukosis, or whether 
we are dealing with a mixture of distinct, al- 
though possibly related, leukemogenic agents. 
The problem is similar in the mouse. 

Summary. 1. Thirty-nine C3H mice were 
thymectomized at 4 to 6 weeks of age and 
inoculated a few days later with passage A 
leukemic filtrates. None developed leukemia, 
although observed until they were 15 months 
old. Of 41 non-thymectomized adult control 
mice injected simultaneously with the same 
filtrates, 63% developed leukemia at 8.7 
months average age. 2. Of 60 C3H mice in- 
oculated with passage A leukemic virus at 
average age of 3 days and thymectomized a 
month later, 26 (43%) developed leukemia at 
10 months average age. Among leukemic 
mice in this group, 8 developed myelogenous 
(chloro) leukemia. Of 85 litter-mate controls 
injected simultaneously with the same filtrates, 


} As this manuscript goes to press, among the 117 
C3H mice inoculated at an average age of 2 days 
with filtrates (Selas 02) prepared from myelogenous 
leukemias, 21 mice (18%) have thus far developed 
either thymic lymphosarcomas, or _ generalized 
lymphatic leukemia, at an average age of 3 
months; a high proportion of lymphoblasts in peri- 
pheral blocd was noticed in some of them. 
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but not thymectomized, 93% developed 
lymphatic leukemia at 3.6 months average 
age. 3. Myelogenous leukemia developing 
in some virus-injected and subsequently thy- 
mectomized mice could be readily trans- 
planted to mice of the same strain, retaining 
its myelogenous form or changing to lymphoid. 
4. Susceptibility of thymectomized mice to 
the leukemogenic action of passage A virus 
could be restored by subcutaneous im- 
plantation of thymuses from young normal 
C3H mice. Of 20 C3H mice injected with 
the leukemic virus, then thymectomized, and 
which subsequently received subcutaneous im- 
plants of normal C3H thymuses, 18 developed 
leukemia (2 of these were myelogenous), as 
compared with 35 of 36 non-thymectomized 
controls that had received the same filtrates. 
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Effect of ACTH on Permeability of Adrenal Cells to Sugar.*t 
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Worcester Foundation for Exp. Biology, Shrewsbury, Mass. 


The view that the mechanism of adreno- 
corticotropic hormone (ACTH) action upon 
the adrenal cortex(1), like that of insulin in 
muscle(2), may involve regulation of cellular 
permeability processes is being systematically 
investigated in this laboratory. We briefly re- 
ported(3) that D-xylose is excluded from a 
major fraction of cell water of the adrenal 
gland in hypophysectomized rats, and that 
ACTH administration increases D-xylose dis- 
tribution in adrenal tissue, but not in muscle. 
Insulin, on the other hand, increases D-xylose 
distribution in muscle but has no effect in 
the adrenal. In this paper, detailed results on 
the effect of ACTH upon adrenal cell perme- 
ability to D-xylose, mannitol, sucrose and 
inulin are presented. 

Methods. The studies were conducted using 
male rats of Sprague-Dawley strain, weighing 
120-170 g, with the pituitary either intact or 
removed 42-48 hr earlier. Animals were anes- 
thetized with avertin (1 ml of 2% solution/ 
100 g body wt, intraperitoneally), and the 
renal pedicle was ligated close to the hilum 
using care not to occlude adrenal blood flow. 
Immediately thereafter, one of the following 
C!-_labeled substances was injected subcutan- 
eously: D-xylose-1-C!# (Nat'l. Bureau of 
Standards), mannitol-1,6-C!* (Volk Radio- 
chemicals), sucrose-U-C™ and _ inulin-carb- 
oxyl-C' (both from New England Nuclear). 
Unless otherwise stated, hormonal prepara- 
tions were injected immediately prior to ad- 
ministration of tracer substance. Corticotropin 
A (Armour), corticotropin a, (Li), and -cor- 
ticotropin (Bell) were given intravenously 
(1.V.) in 0.3 ml N/100 HCl-saline; insulin 
(lletin, Lilly) intraperitoneally in glucose- 
saline (using 100 mg glucose/100 g to prevent 
hypoglycemia), controls for this group re- 
ceived 25 mg glucose/100 g; corticosterone 


* Supported by U.S.P.H.S. grant. 
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was given in divided dose in 10% ethanol, 
50% I.V. and 50% subcutaneously; and 
bovine growth hormone (Li), I.V. in saline. 
At varying intervals after administration of 
radiotracers, the rats were anesthetized with 
nembutal, blood drawn into a heparinized 
syringe from the abdominal aorta, and plasma 
separated immediately. Simultaneously, the 
animals were exsanguinated and tissues re- 
moved, blotted, and weighed. Adrenals were 
weighed after removal of capsules. In various 
experiments, samples of diaphragm, gastroc- 
nemius, liver, epididymal fat, and testes were 
excised. Tracer substances were extracted 
from tissues by boiling in water for 15 min- 
utes(4,5) and extracts and diluted plasma 
(1:50) were deionized with the mixed ex- 
change resin Amberlite MB3 (Lamotte Model 
X) which had been dried at 80° for 20 hr 
(in control experiments no loss of tracers oc- 
curred, including carboxyl labeled inulin). 
Extracts were planchetted and counted in a 
flow gas chamber. 


Results are presented in terms of volume of 
distribution of test substance in total tissue, 
expressed as percent of total tissue wet weight 
in equilibrium with plasma concentration. 
Table I presents volumes of distribution of 
D-xylose in adrenals at 60, 90 and 120 min. 
after administration to functionally nephrec- 
tomized, hypophysectomized or intact rats. 
Fig. 1 plots individual distribution values 
shown in Table I against plasma concentration 
of D-xylose. Over a wide range of plasma lev- 
els of D-xylose, distribution values of both in- 
tact and hypophysectomized groups remain 
quite constant within each group. Moreover, 
an essentially steady equilibrium exists 
throughout 60’ to 120° independent of wheth- 
er the pituitary is intact or removed. These 
data are consistent with the idea that transfer 
of a ‘“non-utilizable” sugar into adrenal tissue 
is by diffusion into a compartment where en- 
try is directly proportional to external con- 
centration. Average volume of distribution 
of D-xylose in adrenals of intact rats, which 
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TABLE I. Volumes of Distribution of D-xylose* 

in Adrenal Tissue at 60, 90, and 120 Minutes after 

Tracer Administration in Intact or Hypophysecto- 
mized Rats. 


Time inter- Intact pituitary Hypophysectomized 


val (min.) (%) (%) 
60 59.0 + 2.0 (7) 28.4 + 1.0 (15) 
90 61.2 + 22-22) 3810 + 119) 
120 62.9 == 2.0° (7) 31.0 + 3.1 (6) 


* D-xylose-1-C"™, 800 to 3500 wg/100 g body wt. 


had been stressed by the operative procedure, 
was 59-63% over 60-120 min. covered in 
Table I. After hypophysectomy, distribution 
values fell markedly to 28-33%, indicating 
that xylose is excluded from a large fraction 
of adrenal tissue in absence of the pituitary. 

Table II presents volumes of distribution at 
90 min. of various radiotracers in adrenals of 
functionally nephrectomized hypophysecto- 
mized rats treated with various corticotropins, 
as well as other hormones. An increase in 
adrenal distribution of D-xylose was achieved 
in hypophysectomized rats with exogenous 
ACTH: corticotropin A increased distribution 
from 30% to 51% (p = <.001), cortico- 
tropin a, (Li) to 42% (p = <.001) and 
36 mU/100 g of Bell’s B-corticotropin to 36% 
(p = <.05). Table II also shows that 
insulin and corticosterone in doses tested had 
no effect on xylose distribution, despite a con- 
current increase with insulin in xylose distri- 
bution in diaphragm from 33% + 3 (S.E.) 
to 115% + 46, and in gastrocnemius from 
18% + 1 to 50% + 5. Li growth hormone 
given alone (10 wg) or with submaximal dos- 
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FIG. 1. Volume of distribution at various plasma 

concentrations of D-xylose in adrenals of function- 

ally nephrectomized hypophysectomized or intact 
rats 60, 90, and 120 min. after administration. 


ages of ACTH (30 pg growth hormone, 36 mU 
8-corticotropin) did not affect adrenal distri- 
bution of xylose. Table II also shows that 
spaces occupied by sucrose, mannitol, and 
inulin were not identical, as would be expected 
if all were true measures of extracellular vol- 
ume. The inulin space was not affected by 
ACTH administration nor by factors operating 
in stressed rats with intact pituitaries. Using 


TABLE II. Effect of Various Hormones on Volumes of Distribution of Tracer Substances in 
Adrenals of Functionally Nephrectomized Rats. 


Treatment Vol of distribution* of various radiotracerst in adrenal 
(with dosage/100 g body wt) D-xylose Tnulin Sucrose Mannitol 
Pituitary intact 59.3 + 2.5 (16) 140+.4 (9) 18.2 42.4 (6) 27.2 + 2.3 (5) 
= | HCl-saline — 30.0+1.0 (9) 14.9+.6 (14) 15.34.7(6) 22.44 1.8 (5) 
‘8 | Corticotropin A (375 mU) Oye Se aiys: 14.0 2.1 (6) 20.1.7 (8) 30:6 + 3.2 (5) 
= | a, corticotropin, Li (540mU) 41.7 + 2.3 (14) 
S$ | gp ACTH, Bell (36 mU) 35.6 + 2.2 (11) 
» | Glucose (25 mg) 26.6 + 1.2 
= | Insulin (1 U) + glucose 29.2 + 2.0 14.6 +.3 (4) 
= (100 mg) 
=| Alcohol 295+1.6 (6 
ty | Corticosterone (700 yg) 29:08 on(G 


* Determinations were made 90 min. after administration of tracers and hormones. Values 
are the mean, stand. error, and No. of observations. ; 

t D-xylose-1-C™ (specific activity, 2.26 ue/mg), 800 wg given per 100 g body wt; inulin-ear- 
boxyl-C™ (S.A. 1.37), 1240 wg; sucrose-U-C (S.A. 7.41), 202 wg; mannitol-1,6-C" (S.A. 8.47), 
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inulin as a measure of extracellular volume, 
corticotropin A increased the percentage of 
intracellular water occupied by xylose from 
28% to 66%.+ No significant changes in 
volumes of distribution of xylose or inulin in 
diaphragm, gastrocnemius, testes, or epididy- 
mal fat were noted after hypophysectomy or 
after ACTH. 

Discussion. These studies established that 
D-xylose is excluded from a large fraction of 
adrenal cell water in hypophysectomized rats. 
and that ACTH facilitates xylose entry, spe- 
cifically into the adrenal cell. Absolute val- 
ues for xylose distribution in adrenal cortex 
alone cannot be stated at this time, but con- 
sidering absence of medullary responses to 
_ ACTH by other criteria, it might be expected 
that ACTH would not affect the medulla in 
present studies. Demonstration of an ACTH 
effect on xylose uptake does not require 90 
min. interval routinely employed, since ACTH 
significantly increased distribution of xylose 
in the adrenal within 20-30 min.’ The time 
course of response was not pursued further, 
since at sufficiently brief intervals extremely 
small increases in availability of a utilizable 
sugar, like glucose, could produce metabolic 
results not measurable in terms of xylose dis- 
tribution. 

This response of the adrenal to ACTH is 
similar to that of skeletal and diaphragmatic 
muscle to insulin. In absence of insulin, a 
very limited entry of xylose into muscle cells 
occurs, suggesting(5,6,7) that a barrier exists 
which excludes xylose from a major fraction 
of total intracellular water. If one assumes 
that all cells within tissues are homogenous 
in their permeability characteristics, it ap- 
pears that both insulin and ACTH alter 
intracellular “‘barriers” and thus permit entry 
of D-xylose into much larger compartments 
in respective target organs. On the other 


t Intracellular water was assumed to be the differ- 
ence between total tissue water (69.8% + .9 (S.E.), 
12 observations) and inulin space. 

§ Renal ties and tracer administrations were carried 
out 60-70 min. before ACTH, so that total interval 
for tracer equilibration was 90 min. 
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hand, if tissues contain cells with membranes 
of differing permeabilities, it is possible that 
some of the cells may be freely permeable to 
xylose in absence of hormone and ACTH or 
insulin affect only remainder of cells. 

If D-xylose reflects permeability behavior 
of glucose in the adrenal, as appears to be the 
case in muscle(2,5,6,7), the significance of 
these findings to adrenocortical physiology 
may be widespread. An increase in availability 
of glucose to adrenocortical cells might be con- 
ceived as responsible for many phases of 
ACTH action, including — steroidogenesis, 
growth, and ascorbic acid release. Without 
speculative elaboration, the findings demon- 
strate a specific im vivo response of the adrenal 
to ACTH which must be considered in any 
explanation of the mechanism of ACTH ac- 
tion. Finally, the similarity of effects on 
permeability of insulin and ACTH in their 
respective target organs suggests that these 
hormones may in this respect have a common 
mode of action. 

Summary. Volumes of distribution of D- 
xylose and of substances which measure ex- 
tracellular fluid volume were determined in 
adrenal and other tissues of nephrectomized 
rats. Hypophysectomy markedly reduced dis- 
tribution of D-xylose in intracellular water of 
the adrenal, and exogenous ACTH increased 
xylose entry specifically in the adrenal to 
levels approaching those found in stressed 
animals with intact pituitaries. Attention is 
drawn to possible relation of these findings to 
the mechanism of ACTH action. 


1. Hechter, O., Cancer Research, 1957, v17, 512. 

2. Levine, R., Survey Biol. Progr., 1957, v3, 185. 

3. Eichhorn, J., Halkerston, I. D. K., Feinstein, M., 
Hechter, O., Endocrine Soc., 41st Meeting, 1959, p.33. 

4. Resnick, O., Hechter, O., J. Biol. Chem., 1957, 
v224, 941. 

5. Norman, D., Menozzi, P., Reid, D., Lester, G., 
Hechter, O., J. Gen. Physiol., 1959, v42, 1277. 

6. Helmreich, E., Cori, C. F., J. Biol. Chem., 1957, 
v224, 663. 

7. Randle, P. J., Smith, G. H., Biochem. J., 1958, 
v70, 501. 
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Effect of Hydroxyzine* on Urine Flow in the Dog.t 


(25578) 


WiiiaM P. BLACKMORE 
Dept. of Pharmacology, University of Texas Southwestern Medical School, Dallas 


Antidiuresis implicating liberation of the 
antidiuretic hormone has been well established 
following administration of several agents 
which depress the central nervous system(1). 
More recently, reserpine(2) and _ chlorpro- 
mazine(3), both tranquillizing agents which 
also exert an effect on the nervous system, 
have been reported to inhibit water diuresis. 
While conducting preliminary experiments on 
another tranquillizing agent, hydroxyzine, a 
decrease in urine flow was noted in dogs. As 
a result this communication presents findings 
concerning the effect of hydroxyzine on urine 
flow and its mechanism of action. Sanchez 
and Davis(4) recently reported antidiuresis 
in hydrated rats which had received hydroxy- 
zine by intraperitoneal injection. 

Methods. All experiments were performed 
on trained unanesthetized dogs. Normal and 
diabetes insipidus dogs were used. Neurohypo- 
physectomies were performed by the temporal 
approach in which a high stalk section was 
made.+ The diabetes insipidus animals were 
not used until a month following operation, 
and daily urine output was in excess of 2000 
ml. Two types of experimental procedures 
were employed. In the first series, experi- 
ments were conducted similar in principle to 
that described by de Bodo(5). Animals were 
kept in metabolism cages and hydrated with 
50 ml/kg of water. At the end of 3 hours the 
bladder was emptied by catheterization and 
the same amount of water was again given. Ex- 
cretion of the second water load was used for 
evaluating the effect of hydroxyzine. The 
drug was injected 40 minutes after the second 
water load was administered and urine ex- 
creted during the 40 minutes interval sub- 
tracted from the total water load since the 
drug had no effect on this fraction. Hydroxy- 
zine was administered intravenously in a dose 


* Supplied by J. B. Roerig & Co., N. Y. 

+ This study supported in part by grant from Nat. 
Heart Inst. 

+ We are grateful to C. J. Shepler, D.V.M., for 
performing the operations. 


of 5 mg/kg over a 5 to 10 minute interval. 
In the second series of experiments the ani- 
mals were hydrated with 30 ml/kg of water 
1 hour prior to experiment. Throughout the 
experiment glucose 5% in water was infused 
at a constant rate of 3 ml/minute. Following 
a control period, hydroxyzine was infused 
intravenously in a dose of 5 mg/kg over a 
30 minute period. Urine was collected for an 
additional 214 hours following cessation of 
hydroxyzine infusion. Determinations of 
glomerular filtration rate, renal plasma flow, 
osmolar and ‘‘free” water clearance were ob- 
tained by methods previously described(6). 
Statistical analysis of the data was performed 
by the method of Mather(7) in which values 
obtained during the hydroxyzine infusion and 
each subsequent hour were compared to con- 
trol values. 

Results. Table I shows the effect of hy- 
droxyzine on urine flow during water diuresis 
in normal dogs. Values given are average per 
cent of volumes obtained in each experiment; 
figures in parenthesis represent minimum and 
maximum amount of the water load excreted. 


TABLE I. Effect of Hydroxyzine (5 mg/kg) on 
Water Diuresis in Normal Dogs. 


% of second 


No. of water load ex- 
Dog No. exp. Type of exp. ereted at 3 hr 
1 3 Control 98 (93, 102) 
3 Drug 67 (61, 74) 
2 4 Control 96 (94, 100) 
4 Drug 75 (65, 83) 
3 2 Drug TE (TOs 7on) 
4 3 Control 99 (96, 103) 
3 Drug TA CSO SOF 
5 2 Drug 69 (72, 66) 
6 2 » 66 (61, 78) 
7 1 “ 67 
8 1 74 
9 3 Control 93 (94, 105) 
3 Drug 77 (74, 80) 
10 2 Drug 86 (82, 90) 
11 3 Control . 95 (91, 98) 
3 Drug 73 (62, 80) 
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TABLE II, Effect of Hydroxyzine (5 mg/kg) on Glomerular Filtration Rate, Urine Flow, Osmolar and 


Free Water Balanee. 
SSS S85 ———————— 


GFR, ml/min. V, ml/min. 


5 : : 
Cosm, ml/min. Cy,o, ml/min. 
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71 71 «59 65 56 16.0 28 ~3.0 Oe GA ie wl, ie elo ADs ALG? a] aeS 
69 79 79 73 ZO 960) 88 8 MT. | eOo 0 Lor a5, 110 ing 
ios. 1 95), 64 EE cst Me as fille atte eontie she! 5 Wd 35 es 
67-71. - 72 ~——«74 LAO2 A 3 Bow ae 7 6 6 6 35 36 29 29 
et gs 84 78 Say 55 4d 3 el a ae 45 486 3.6. 4 
59 59 68 64 Bo Soy a a7 4 sot ou eG 45° 60 So Ig 
Bean SS 53° 56 50M Le os 83 ORO Aece lees Pes mnewont igen | ids 
C50, & 63.066 “7 4G 9m 2.6 igs mtho emieo bowity 360 54-0 ee 
66.0" 703 69.9. 685, 2 5.1 52 82 2:5 hime hd ae aa 4 et4Al Bo. 35 9 ie 
3.91446 +46 +31 +2 +43 +3 +.2 00) se08 006 4-09 4 iS a 

* Mean. +t S.H. 


Volume of urine excreted in 3 hours by the 
control animals was an average of 96.2%. In 
the experiments where hydroxyzine was ad- 
ministered, a definite decrease in urine output 
occurred, the average being 72.6% of the 
second water load during the 3 hour period. 
These results indicate that hydroxyzine de- 
creased urine output in dogs undergoing water 
diuresis, thus raising the possibility that this 
effect may have occurred either because of 
hemodynamic changes or a specific effect of 
hydroxyzine on water reabsorption. Results 
of the experiments where hydroxyzine was in- 
fused for 30 minutes are illustrated in Table 
II. The drug also produced a decrease in 
urine flow. This occurred only during the 
period following cessation of hydroxyzine. No 
change in glomerular filtration rate occurred 
in these experiments P>0.05). Similarly, 
hydroxyzine caused no change in renal plasma 
flow. These findings indicate that the de- 
crease in urine flow was not the result of any 
hemodynamic changes, suggesting a specific 
antidiuretic effect. Determination of osmolar 
clearance revealed no. significant change 
throughout the experiment (P > 0.05); how- 
ever, a significant fall (P < 0.05) in “free” 
water clearance occurred during the period 
following cessation of hydroxyzine. These re- 
sults indicate that hydroxyzine influenced 
only “free” water reabsorption. It is of in- 
terest to note that the antidiuretic effect did 
not occur immediately as is generally observed 
with other antidiuretic agents. This delayed 
onset could imply that antidiuresis did not 
occur until sufficient time had elapsed for 


hydroxyzine to cross the blood brain barrier. 
However, the fact that some degree of tran- 
quillization occurs clinically in most individ- 
uals within 15 to 30 minutes, when given 
orally, indicates the drug does cross the blood 
brain barrier rapidly, and would not explain 
the delay in onset. Another possibility is that 
the response is not due to hydroxyzine per se, 
but rather to a metabolic product of hydroxy- 
zine. Unfortunately, no chemical test is 
available for determination of hydroxyzine in 
tissues so this delayed onset can not be ex- 
plained. 

The effect of hydroxyzine on urine flow in 
diabetes insipidus dogs is summarized in Table 
III. Following infusion of hydroxyzine there 
was no change in urine flow in contrast to the 
decrease noted in normal animals. These re- 


TABLE III. Effect of Hydroxyzine (5 mg/kg) on 
Urine Flow in Diabetes Insipidus Dogs. 


Post-in- 
Hydroxy- fusion 
Control zine lhr 2 hr 


Dog Exp. No. ———— ml/min. ——_—__, 


1 j 4.4 3.9 4.0) 5.4 
2 5.0 4.6 6.1 5.3 

3 4.3 3.8 4.7 4.9 

4 oud 3.3 4.8 4.7 

2 1 4.7 5.6 4.6 5.2 
2 3.0 4.8 4.3 6.1 

3 4.3 4.8 5.4 4.8 

4 5.0 4.1 4.7 5.4 

3 1 3.8 4.2 4.8 4.1 
2 5.4 4.9 5.2 5.9 

3 4.3 4.6 4.0 4.5 

4 3.6 3.9 4.0 3.4 

Mean 4.3 4.4 4.8 5.0 
S.E. 2 Stee +.2 +S 
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sults indicate that hydroxyzine stimulated re- 
lease of the antidiuretic hormone in normal 
dogs, otherwise similar results would have 
been obtained in both types of animals. In 
addition, measurement of osmolar and “free” 
water clearance in 4 experiments in diabetes 
insipidus dogs showed no change from the 
control values. 

Summary. Intravenous administration of 
hydroxyzine to unanesthetized dogs in doses 
of 5 mg/kg produced a decrease in urine flow 
following cessation of the drug in absence of 
any hemodynamic changes. In contrast to 
response in normal dogs there was no change 
in urine flow in diabetes insipidus animals. 
These results indicate hydroxyzine stimulated 


Response to Stress: 


ATHEROGENIC DIET AND STRESS RESPONSE 


release of the antidiuretic hormone under con- 
ditions described here. 
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Differing Responses of Atherosclerotic and Normal 
Dog to Electric Shock or Cold.*t 


(25579) 


SHAWN SCHAPIRO! AND JESSIE MARMORSTON 
Inst. for Medical Research, Cedars of Lebanon Hospital, Los Angeles and School of Medicine, 
University of Southern Calif. 


Inability to adapt successfully to stressful 
situations may be a factor in development of 
cardiovascular pathology. Although the role 
of the autonomic nervous system and hypo- 
thalamic-pituitary-adrenal axis in response to 
stress has received intensive study, the inter- 
relations between this system and cardiovascu- 
lar pathology are virtually unexplored. This 
report describes differing response of athero- 
sclerotic and normal (non-atherosclerotic) 
dogs to stresses of electric shock and ‘cold. 


Methods. Thirty-five dogs were used. 
Twenty-one (9 beagles and 12 mongrels) were 
made atherosclerotic by maintenance on 
standard thiouracil and cholesterol diet (con- 
sisting of 50 mg thiouracil/kg body weight 


* This research supported by Research Grant of 
Nat. Inst. Health, U.S.P.H.S., by Albert and Mary 
Lasker Fn., and Calif. Fn. for Medical Research. 

+t We would like to acknowledge the help of Dr. 
Harry Sobel during the very early phases of this work 
and we thank LeRoy Krause for assistance through- 
out the study. 

+ Present address: Neuropsychiatric Hospital, Vet- 
erans Admin. Center, Los Angeles, Calif. 


and kibble containing cholesterol prepared 
with ether solvent to provide daily cholesterol 
intake of 750 mg/kilo body weight) as pre- 
viously reported by this group(1). These 
dogs were maintained on the atherogenic regi- 
men for 6 months to 2 years. The remain- 
ing 14 dogs (9 beagles and 5 mongrels) served 
as controls and received standard kibble diet. 
Electric shock. The 21 atherosclerotic dogs 
and 14 normal dogs were subjected to electric 
shock. Each dog was anesthetized with so- 
dium pentobarbital, after which 5 shocks were 
administered across frontal lobes within 15 
minutes by electric shock machine delivering 
450 milliamperes of 0.7 sec. duration. Urine 
samples were collected hourly by catheter for 
3 hours prior to and 3 hours following shock 
treatment. Urine was analyzed for corticoids 
by the Heard-Sobel method(2) and for cre- 
atinine by the method of Bonsnes and Taus- 
ky(3). Cold stress. Four normal dogs and 
4 atherosclerotic dogs were placed in metabolic 
cages. A minimum of three 24-hour urine 
collections at room temperature served as con- 
trols for each dog. Cold stress consisted of 
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FIG. 1. Effect of ACTH infusion on corticoid 
excretion by 3 normal mongrels. 

FIG. 2. Effect of electric shock stress on corti- 
coid exeretion of normal dogs and dogs on athero- 
genic diet. 

FIG. 3. Urinary corticoids and creatinine of 
normal and thiouracil-cholesterol treated dogs be- 
fore and after cold stress. 


maintenance of dogs in “cold room” at 0° for 
24 hours. ACTH infusion. To determine 
whether output of urinary corticoids as identi- 
fied by Heard-Sobel method furnishes a mea- 
sure of ACTH-dependent activity, 3 normal 
dogs were infused with ACTH (one unit/kg 
in 100 cc saline solution) for an hour, and 
urine specimens were collected before, during, 


and after infusion period. In each case, in- 
fusion of ACTH caused an increase in corti- 
coid/creatinine ratio (Fig. 1) indicating that 
methods used to determine urinary corticoids 
were detecting ACTH-dependent activity. 


Results. With Electric Shock. Dogs on 
atherogenic diet showed a greater response 
than normal dogs to stress of electric shock, 
as indicated by higher excretion of corticoids 
relative to creatinine (Fig. 2). 


With Cold Stress. In no instance was urin- 
ary corticoid activity of the normal dog in- 
creased by exposure to cold, Contrariwise, 
the 4 atherosclerotic animals each exhibited 
a marked increase in adrenocortical activity 
(Fig. 3). 

Discussion. Although basal output of nor- 
mal and atherosclerotic dogs was approximate- 
ly the same, our study demonstrates that dogs 
maintained on an atherogenic diet for 6 
months to 2 years exhibit a greater response 
to stress produced by electric shock or by cold 
than occurs with normal dogs. Our experi- 
ments do not indicate the locus of altered 
hypothalamic-pituitary-adrenal response to 
stress. Some controvery exists as to whether 
the adrenal gland of the hypothyroid animal 
is more responsive to ACTH and to stress 
than the adrenal gland of normal animal. 
Hess and Finerty(4), using ascorbic acid de- 
pletion in the rat, interpret their observations 
to indicate that this is the case. However, ac- 
cording to Eik-Nes and Brizzee(5) the adrenal 
of the thyroidectomized dog has a lower basal 
corticoid output and is less responsive to 
ACTH. It is also possible that thiouracil ex- 
erts an effect upon the hypothalamic compon- 
ent of stress response. In support of this, 
Martini demonstrated that propylthiouracil 
produces distinct histologic change in cells of 
the anterior hypothalamus and neurohypo- 
physis(6). 

A hypothyroid condition may be _pres- 
ent in human atherosclerosis. For review see 
(7). In line with this observation, serum 
cholesterol levels are usually elevated in myxe- 
dema(8). Similarly, in the dog the hypothy- 
roid state is necessary to produce atherosclero- 
sis(9). The serum cholesterol level apparent- 
ly bears some relationship to nervous appre- 
hension or anxiety(10-13). Myasnikov(14) 
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found evidence in rabbits that drugs acting 
directly upon the central nervous system ex- 
ert a modifying influence on serum choles- 
terol and on development of experimental 
atherosclerosis. Raab(15) recently reviewed 
literature showing relationship of neurohu- 
moral agents to atherogenesis, while Vedene- 
eva(16) obtained histologic and electrocardio- 
graphic evidence of development of myo- 
cardial infarctions several days after adminis- 
tration of a large dose of adrenalin. These 
observations tending to implicate the neuro- 
endocrine system in pathological deposition otf 
lipid material in vascular walls may be re- 
lated to older findings of Hausberger(17) 
more recently confirmed by Sidman and Faw- 
cett(18) that lipid mobilization from, and 
deposition in, fat depots depends upon intact 
innervation to these areas. 

The influence of the nervous system upon 
development of experimental atherosclerosis 
has not been studied as extensively as the pos- 
sible importance of endocrine and dietary 
factors. The effect of chronic cardiovascular 
pathology upon integrative functions of the 
neuroendocrine system is virtually unexplored. 

Our results indicate that, at least in the 
dog, such pathology—produced by prolonged 
period on an atherogenic diet—is associated 
with an altered hypothalamic-pituitary-adren- 
al response to stress. Further work is needed 
to clarify the site and mechanism of this al- 
tered reactivity. 

Summary. Dogs maintained on an athero- 
genic diet to 2 years exhibited a greater re- 


Antimicrobial Effect of Abalone Juice. 


ANTIMICROBIAL EFFECT OF ABALONE JUICE 


sponse to electric shock or cold stress than did 
normal control animals. 
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Meat of the abalone (Haliotis refescens) 
(1) has been a common food item in China 
for many generations. A familiarity with the 
characteristics of this sea animal, which has 
access to a wide variety of organic material 
of biological origin led the author to consider 
it as a potentially valuable source of material 


in which to search for an antimicrobial agent. 
The investigation reported here indicates that 
there is, indeed, an effect of abalone upon 
growth of Staphylococcus aureus and to some 
extent also upon the course of experimental 
poliomyelitis in mice although the mechan- 
isms involved are obscure. 
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TABLE I. Effect of Abalone on Experimental Poliomyelitis in Mice in 7 Trials. 


Days treatment 


gtarked Treated Control 
: before Paralysis Paralysis 

Virus type MID,,/mouse infection or death* % or death®* % 
Itt 32 3 12/20 60 18/19 95 
= 32 3 14/19 74 19/20 95 
, 3 3 7/20 35 12/20 60 
-s 3 7 17/50 34 32/50 64 
3 7 11/50 22 24/50 48 
Il 5 2 7/12 58 12/12 100 
I 1 7 18/50 36 29/50 58 


o29 


* No. paralyzed or dead/No. inoculated. 


Materials and methods: Assay of abalone 
with experimental poliomyelitis. Abalone 
purchased as the canned product* was used. 
Each can contained about 200 ml of juice and 
about 250 g of meat. The juice used for 
experiments was removed aseptically, pooled 
and stored at 4°C. After a few days 
storage the juice separated into 2 lay- 
ers; the upper two-thirds was brown- 
ish yellow in color and fairly clear, and the 
lower one-third was grayish white in color and 
quite cloudy. Sometimes the upper layer be- 
came a gelatinous semi-solid. The whole juice 
was warmed and the 2 layers well mixed be- 
fore use. Mouse and tissue culture adapted 
type I (Mahoney) type II (Lansing) and type 
III (Leon) polioviruses all maintained in our 
laboratory and grown in monkey kidney tissue 
culture were used. General purpose Swiss 
mice (obtained from Animal Production Sec- 
tion, DBS, NIH), weighing 12-15 g were in- 
oculated with one to 32 mouse infective doses 
in 0.02 ml of type I or III virus by intraspinal 
(IS) route and observed for 2 weeks. For 
type II virus, mice weighing 17-22 g were in- 
oculated with 5 mouse infective doses in 0.03 
ml by intracerebral (IC) route and observed 
for 3 weeks. Treated mice were fed with aba- 
lone juice. Approximately 1 ml of the juice 
was given to each mouse/day placed on whole 
wheat bread or mixed with commercial mouse 
diet. The control mice were fed with regular 
mouse diet. Assay of Abalone with Staphylo- 
coccus aureus. At beginning of present study, 
the canned abalone juice was tested for in- 
hibiting effect on Staphylococcus aureus by 
absorbent paper disc method and results were 
inconsistent. Toward end of the work, frozen 

* Calmex Brand of Marine Products Co., San 
Diego, Calif. or Brand of Chong Kee Co., N. Y. 


fresh abalonet was secured and some brown- 
ish juice was obtained upon thawing. This 
brownish quice was centrifuged and heated to 
70°C for 30 minutes before use. A penicillin 
sensitive strain of Staphylococcus aureus, 
FDA 209, was used as test organism. The 
test was carried out as follows.’ Ten-fold di- 
lutions of a 24 hour culture of Staphylococcus 
aureus in buffered saline were made and a 
loopful of each dilution was inoculated into 
a Wassermann tube containing 1.8 ml of nu- 
trient broth with 0.2 ml of the heated abalone 
juice. The same dilutions were also inocu- 
lated into control tubes without abalone. 
After incubating at 35°C for about 18 hours, 
0.1 ml from each tube was spread over surface 
of nutrient agar plate. The plates were then 
incubated overnight and colonies on each 
plate counted. 

Results. The results on experimental polio- 
myelitis in mice are summarized in Table I. 
In treated mice the rates of paralysis and 
death were lower, average incubation period 
was longer and paralysis was less severe than 
in control mice. All experiments showed a 
similar curve of accumulative percentage of 
paralysis or death. Examples are shown in 
Figs. 1 and 2. 

The effect of abalone on growth of Staphy- 
lococcus aureus is illustrated by 2 sample ex- 
periments shown in Table II. Both experi- 
ments were carried out with the penicillin sen- 
sitive strain, FDA 209. They were repeated 


+ Frozen fresh abalone was kindly supplied by Dr. 
H. G. Orcutt, Bureau of Marine Fisheries, Calif. 

t This culture was kindly supplied by Dr. A. L. 
Schade of National Institute of Allergy and Infec- 
tious Diseases. 

§ This method of testing was suggested by Dr. 
C. W. Hiatt of this laboratory. 
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EFFECT OF ABALONE ON EXPERIMENTAL 
POLIOMYELITIS IN MICE,TRIAL 5 
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several times and consistent and similar re- 
sults were obtained. In some experiments 
the crude juice from frozen fresh abalone was 
heated to 95°C for 45 minutes or dialyzed 
against water overnight and its effect on 
Staphylococcus aureus was not impaired. 
Discussion. In reviewing the literature for 
antiviral(2-4) and bacterial agents, it was 
noticed that efforts have been largely concen- 
trated in the field of microbial products. It is 
now felt necessary to shift toward some other 
material. Because of abundance and variety 
of organic materials in sea water, and the 
known ability of gastropods to filter and con- 
centrate suspended solids of their aquatic mil- 
ieu, certain sea animals such as abalone, may 
be regarded as a potential source in the search 
for antimicrobial agents. Our experiments 
demonstrated clearly antimicrobial action of 
crude fresh abalone juice against Staphylococ- 
cus aureus, although the effect of canned aba- 
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TABLE II. Effect of Abalone Juice on Growth of 
Staphylococcus aureus, FDA 209 Strain. 


Colonial growth from 0.1 ml of 18 hr 
broth cultures inoculated with one 
loopful of serial dilutions 


Abalone Con- 

Trial inibroth 1052 0s 0s 0s 0 eeetrole 
1 +. 36t 8 0 0 0) 0) 
— Con.{ Con. Con. Con. Con. 0 
2 + 84 4 0 0 0 0 
— Con. Con. Con. Con. TN$ 0 


* Control: not inoculated. 

+t Besides 36 colonies there were 2 small patches 
of growth. 

{ Confluent growth. 

§ Colonies too numerous to be counted but not 
confluent. 


lone juice against experimental poliomyelitis 
in mice was only moderate. Thermostability 
and nondialyzability of the agent suggested 
that it is not an ordinary antibiotic. One of 
the chief advantages of its possible use for 
therapeutic purpose is that it is edible as a 
food, and therefore non-toxic. Further work 
on purification and concentration is in prog- 
ress. 


Summary. Commercial canned abalone 


juice given to Swiss mice orally possessed 


sparing effect against intraspinal infection of 
type I and III poliovirus and intracerebral 
infection of type II poliovirus. Crude fresh 
abalone juice also possessed marked inhibitory 
effect against Staphylococcus aureus. 


The author expresses thanks to Dr. C. W. Hiatt of 
this laboratory for enthusiastic suggestions, criti- 
cisms and other help, and also to Messrs. W. G. 
Jahnes, E. C. Martino, J. L. Rogers and E. W. Har- 
vey for technical assistance. 


|| Dialysis was kindly carried out by Dr. A. K. Saz 
of Nat. Inst. of Allergy and Infectious Diseases. 
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Chemotherapy, 1952, v2, 432. 
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Stop Flow Analysis of Aldosterone and Steroidal Antagonist SC-8109 on 
Renal Tubular Sodium Transport Kinetics.* (25581) 


ARTHUR J. VANDER,! WALTER S. WILDE AND RicHarp L. MAtvini 
Dept. of Physiology, School of Medicine, University of Michigan, Ann Arbor 


Recently(1), using the technic of stop flow 
analysis(2,3),, we demonstrated a distal site 
of action of aldosterone. After adrenalectomy, 
the distal tubule was not able to reduce so- 
dium concentration to minimum value 
achieved during stop flow in normal dogs. We 
have since noted that, on occasion, normally 
low distal sodium concentrations can be at- 
tained in the adrenalectomized animal only 
when associated with extremely low plasma 
sodium concentrations. The present paper 
presents experiments designed to study this 
relationship between plasma and distal tubu- 
lar sodium concentrations in normal, in 
adrenalectomized and in dogs treated with 
synthetic steroid, SC-8109, 3-(3-oxo-17-hy- 
droxy-19-nor-4-androsten-17a-yl) propionic 
acid y-lactone (Searle), which appears to 
block the renal effects of aldosterone and de- 
soxycorticosterone (4-6). 

Methods. Adrenalectomy and_ corticoid 
therapy of dogs prior to stop flow procedure. 
All experiments were performed on male or 
female mongrel dogs weighing 9-20 kg. These 
dogs can be divided into 4 groups, according 
to method of preparation utilized prior to per- 
formance of stop flow procedure: Group 1: 
Bilateral adrenalectomy was performed asep- 
tically under pentobarbital anesthesia, either 
in a single operation by means of midline in- 
cision, or in 2 stages, performed one week 
apart and utilizing flank incisions. Cortisone 
acetate, 100 mg intramuscularly, was given at 
time of operation and on the day preceding. 
Thereafter, dosage of cortisone was gradually 
lessened, final maintenance dosage varying 
from 10-25 mg/day. These dogs were given 
normal diet supplemented with 100 mM Na/ 

* Supported by Am. Heart Assn.; Life Insurance 
Medical Research Fund; Nat. Inst. of Arthritis and 
Metabolic Diseases, U.S.P.H.S. The compound, 
SC-8109 kindly provided by G. D. Searle and Co., 
Chicago, and aldosterone by U.S.P.HS. 

+ Fellow, Am. Medical Educ. Fn.; Berden award, 
1959. 

+ Lederle Fellow. 


day. No animals were employed until at least 
one week after bilateral adrenalectomy. They 
were given usual dosage of cortisone 2 hours 
before starting the stop flow procedure. Group 
2: These dogs were prepared exactly as in 
Group 1, except that all cortisone was discon- 
tinued 2 days prior to stop flow analysis. 
Group 3: Normal dogs were given a normal 
diet with no steroid. Group 4: Normal dogs 
were given SC-8109, approximately 0.75 mg/ 
kg intramuscularly, 2 hours before beginning 
stop flow and every 2 hours during stop flow 
procedure. Stop flow procedure. All animals 
were anesthetized with 30 mg/kg of Na pento- 
barbital injected intraperitoneally. Through 
a small flank incision, one ureter was cathe- 
terized with polyethylene tubing pushed well 
up into the renal pelvis and tied firmly into 
place. A constant intravenous infusion of 
creatinine, PAH, and 18% mannitol in Ring- 
er’s Solution was supplied at 10 ml/min. Dur- 
ation of occlusion varied from 4-6 min. Blood 
samples were taken from catheter in the fe- 
moral artery at onset and on release of occlu- 
sion. No ureteral occlusions were performed 
until urine flow had stabilized at about 10 
ml/min. Three different experimental pat- 
terns were then followed, each on separate 
occasion: Pattern 1: Occlusions were per- 
formed at 15 min. intervals, varying length of 
occlusion from 4-6 min. Pattern 2: After 
completion of first occlusion, plasma sodium 
concentration was raised rapidly by intrave- 
nous administration of 2-3 g NaCl in 50 ml 
water for 5 minutes. After waiting 10 addi- 
tional minutes, the next occlusion was per- 
formed, and the process repeated with another 
salt injection. Pattern 3: After completion 
of several occlusions, 7-40 pg of aldosterone 
were given intravenously for 15 min. Further 
occlusions were then performed after waiting 
2-3 hrs. Aldosterone was given only to 
adrenalectomized dogs. Avalytical methods 
were as follows: sodium was analyzed with 
Beckman direct-reading flame photometer, 
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PAH according to Smith, Finkelstein, Ali- 
minosa, Crawford, and Graber(7), creatinine 
by method of Bonsnes and Taussky(8). 


Results. Proximal tubule. It is possible, 
using calculations described previously (9), to 
determine volume of fluid reabsorbed from the 
proximal tubule during period of ureteral oc- 
clusion. The computed additional proximal 
reabsorption of sodium and water during ure- 
teral occlusion was the same in adrenalecto- 
mized dogs both before and after administra- 
tion of aldosterone. 


Distal tubule. The minimum point on the 
downward inflection to the left of sodium 
curve is thought to represent best the lowest 
Na concentration developed in a maximum 
number of low sodium distal segments during 
stop flow(3). This minimum distal Na con- 
centration is plotted vertically in Fig. 1 
against increasing plasma Na along horizontal 
axis. In the normal animal, the distal tubule 
is capable of lowering sodium concentration 
almost to zero during stop flow, as demon- 
strated previously(1). The minimum sodium 
concentration achieved appears independent 
of plasma sodium concentration (except per- 
haps at extremely high values). 


The effects of adrenalectomy upon this pat- 
tern (Fig. 1) are striking. Even at very low 
plasma sodium concentrations, the distal con- 
centrations achieved during ureteral occlusion 
are higher than normal. Moreover, there is 
a direct relationship between concentrations 
of sodium in plasma and in the distal tubule 
during occlusion. This indicates that adrenal- 
ectomy has reduced maximal sodium concen- 
tration gradient which can be maintained 
across distal tubular cells. As plasma sodium 
rises, the minimal sodium concentration at- 
tained during ureteral occlusion also rises. 
Even if duration of occlusion is prolonged 
from 4 to 6 minutes, the distal sodium concen- 
tration attained during stop flow is not 
changed, indicating that maximal distal tubu- 
lar sodium reabsorption occurs within the first 
4 minutes of ureteral occlusion. 

There was no difference between the group 
of animals treated with cortisone pre-opera- 
tively and the group in which all steroid ther- 
apy had been withdrawn 2 days pre-opera- 
tively. 
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FIG. 1. Relationship between plasma Na concen- 
tration and the minimal distal urinary Na concen- 
tration developed during ureteral occlusion in nor- 
mal and adrenalectomized dogs. Lines connect 
points derived from a single dog as plasma Na 
was elevated. 

FIG. 2. Effect of aldosterone upon maximal dis- 
tal tubular Na reabsorption during ureteral oeclu- 
sion on adrenalectomized dogs. Lines connect points 
determined for a single dog as plasma Na was ele- 
vated. 


FIG. 3. Relationship between plasma Na con- 
centration and the minimal distal urinary Na con- 
centration developed during ureteral occlusion in 
dogs treated with SC-8109. Lines connect points 
determined for a single dog as plasma Na was ele- 
vated. 
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The effects of aldosterone on adrenalecto- 
mized dogs are demonstrated in Fig. 2. Ad- 
ministration of aldosterone restored ability of 
the distal tubule to lower sodium concentra- 
tion even in presence of elevated plasma so- 
dium concentration. 

Fig. 3 demonstrates the effects of SC-8109 
on normal dogs. It is evident that inhibition 
of distal tubular sodium reabsorption pro- 
duced by these large doses resembles that 
produced by bilateral adrenalectomy. 

These studies further establish the distal 
tubule as site of action of aldosterone in so- 
dium reabsorption. They also emphasize the 
importance of maintaining high plasma so- 
dium whenever assays are made of possible 
blocking agents. 

Summary. In normal dogs the distal tubule 
can lower Na concentration almost to zero 
during stop flow, the minimal concentration 
achieved being independent of plasma Na con- 
centration. In adrenalectomized animals, 
minimal distal concentrations achieved are 
not as low. As plasma Na is increased, mini- 
mal distal Na concentration also increases in 
direct proportion, indicating that adrenalec- 
tomy reduces maximal Na concentration gra- 
dient which can be maintained across distal 
tubular cells. Results in adrenalectomized and 


in SC-8109 treated dogs are identical. Ad- 
ministration of cortisone to adrenalectomized 
dogs does not repair this defect, but aldoster- 
one restores ability of the distal tubule to 
lower Na concentration, even in presence of 
elevated plasma Na. Aldosterone when given 
to adrenalectomized dogs did not alter proxi- 
mal Na reabsorption, as this can be estimated 
by stop flow data. 
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Activator of Plasminogen and Protease from Various Cell Cultures and 
Present in Poliomyelitis Vaccine. (25582) 


SAMUEL BARON AND EUGENE V. BARNETT (Introduced by George A. Hottle) 
Dept. of HEW, P.H.S., Nat. Inst. Health, Div. of Biol. Stds., Bethesda, Md. 


Previous reports described and character- 
ized an activator of plasminogen produced by 
KB cells and both an activator of plas- 
minogen and a protease produced by Rhesus 
monkey kidney (MK) cells(1-4). The 
present study was undertaken to deter- 
mine which cell cultures produce these 2 sub- 
stances and whether they were present in 
poliomyelitis vaccine prepared from superna- 
tant medium from MK cell culture. 

Materials and methods. Cell cultures used 
are described in Table I. Supernatant medium 
from cell cultures was obtained as previously 


described(3). Each supernatant medium was 
assayed 2 to 5 times for activator and pro- 
tease using skim milk as substrate(3). Com- 
mercially prepared poliomyelitis vaccine, with 
preservative, without preservative and after 
dialysis was assayed for activator and pro- 
tease. 

Results. Production of activator and pro- 
tease by various cell cultures. Cell cultures 
fell into 3 groups, depending upon production 
of activator, activator and protease, and de- 
tection of no activity in the supernatant me- 
dium. As seen in Table I of 21 continuous 
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of protease inhibitors in sera and body tissues 
(7) make the presence of proteolytic sub- 
stances in vaccine of doubtful clinical signifi- 
cance. Similarity of activator from tissue 
slices and activator produced by cell cultures 
has been noted(3). It has been proposed that 
fibrinolytic conditions im vivo are due to the 
activator from tissue slices(8). Most of the 
activator produced by cell cultures is released 
into the supernatant medium. It is possible 
that cells in vivo may release activator into 
extracellular fluid and be responsible for fi- 
brinolytic conditions in vivo. 

Summary. Assays of 25 metabolizing cell 
culture lines disclosed that 13 of these released 
an activator of plasminogen resembling tissue 
activator. Of 4 primary cell lines tested the 
3 of kidney origin produced both activator 
and protease. Assay of a specific cell culture 
fluid, commercially prepared poliomyelitis 


vaccine, disclosed the presence of both acti- 
vator and protease in many lots of vaccine. 


Technical assistance of Beatrice L. Burch, Richard 
J. Low, Alice M. Gochenour is gratefully acknowl- 
edged. The authors thank Dr. Hilton B. Levy for 
his suggestions. 
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Enzymatic Determination of Glucose-6-phosphate in Tissue Extracts 
Containing Glutathione and Other Interfering Substances.* (25583) 


H. T. Narawarat AND PINAR OzAND?+ (Introduced by F. E. Hunter) 
Dept. of Biological Chemistry, Washington University School of Medicine, St. Louis, Mo. 


Enzymatic reduction of triphosphopyridine 
nucleotide (TPN) with glucose-6-phosphate 
dehydrogenase (G-6-PDH) can be used for 
quantitative determination of glucose-6-phos- 
phate (G-6-P)(1). However, most prepara- 
tions of G-6-PDH are contaminated with 
other enzymes which interfere with accurate 
determination of G-6-P, especially when car- 
ried out in crude tissue extracts. In the pres- 
ent report are described conditions under 
which G-6-P may be measured in tissue ex- 
tracts by use of sufficiently purified G-6-PDH 
preparations and the selective inhibition of 
both hexokinase and glutathione reductase. 

Methods. Three preparations of yeast G- 
6-PDH were gifts from C. F. Boehringer and 
Sons (Mannheim). A pure crystalline barium 
salt of G-6-P from Sigma Chemical Co. was 


* This work supported in part by Research Grant 
from Nat. Inst. of Health, U.S.P.HS. 

t Special Research Fellow of U.S.P.H.S. 

} Fellow of Rockefeller Fn. 


converted to potassium salt before use. Oxi- 
dized glutathione (GSSG) was prepared from 
reagent grade glutathione (GSH) of Fisher 
Scientific Co. by the method of Rall and Leh- 
ninger(2). Formation of reduced TPN 
(TPNH) was followed at 340 mp in Beckman 
DU Spectrophotometer, using 1 ml cell with 
light path of 1 cm. The reaction was car- 
ried out at room temperature in ¢ris- (hydroxy- 
methyl)aminomethane (Tris) buffer at pH 
8.3 with sufficient G-6-PDH to oxidize 0.03 
pmole of G-6-P in about 1 to 3 minutes in the 
presence of inhibitors to be described below. 
The blank solution contained Tris and the in- 
hibitors but no enzyme. The reaction was ini- 
tiated by addition of G-6-P or tissue extract 
to experimental and blank solutions, which 
brought the volumes to 1 ml. The initial base- 
line reading, corrected for dilution by sub- 
strate, was subtracted from the stable final 
reading, and the change in optical density was 
divided by 6.22 to obtain pmoles of TPNH 
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TABLET. Assay of G-6-P in Presence of GSSG. 


———_I nerease in optical density 


——, TPNH (umole) 


GSSG HgCl-GSH 2 min. 4 min. 6 min. 8 min. 10 min. 2 min. 
= — .200 .200 .200 .200 .200 .032 
ae = .138 104 .084 .072 .065 022 
+ + 201 .200 .200 .200 .200 .032 


Reaction mixture: 0.1 M Tris pH 8.3, G-6-PDH, TPN 0.15 pmole, G-6-P 0.032 wmole. GSSG 
0.024 umole and HgCl,-GSH reagent 0.1 ml added as indicated. Means of duplicate assays. 


produced(3). The completed blank mixtures 
had an optical density of about 0.040 when 
read against distilled water. No significant 
activity of 6-phosphogluconic dehydrogenase, 
phosphoglucoseisomerase or phosphoglucomu- 
tase was associated with the G-6-PDH prepa- 
rations; glucose-1, 6-diphosphate and MgCl. 
were added when testing for phosphoglucomu- 
tase. A change in optical density of 0.001 or 
less in 10 minutes in presence of appropriate 
substrate was considered insignificant. HgClo- 
GSH reagent was prepared by mixing a 
freshly made solution of 3.2 x 10% M GSH 
with equal volume of 3 x 10% M HeCl; 
0.1 ml of this mixture was used/reaction cell. 
Tissue extracts for G-6-P analysis were pre- 
pared by grinding frozen liver from non-fasted 
rat, or saline suspension of rat erythrocytes, 
or frozen frog leg muscles in cold 1 N HClO, 
with sand in a mortar. Precipitated proteins 
were centrifuged, and excess HCIO, removed 
from supernatant fluid by adjusting the pH 
to 7.2 with KOH, chilling on ice, and centri- 
fuging off the KClO,. About 0.005 ml of a 
0.02% aqueous solution of phenol red was 
added as indicator/ml of HClO, extract; in 
control studies, addition of phenol red to a 
neutralized extract did not alter results of the 
G-6-P determination. 

Results. When determination of G-6-P 
was carried out in presence of added GSSG, 


there was a rapid initial reduction of TPN 
accompanied by slower reoxidation of TPNH 
formed (Table I), which indicated contamina- 
tion with glutathione reductase. A mixture 
of GSH and HgCl. could inhibit glutathione 
reductase rather selectively. Concentrations 
of HgCl, and GSH as low as 10°° M inhibited 
completely the glutathione reductase activity 
associated with G-6-PDH, but these com- 
pounds at concentration of 1.5 x 10* M did 
not appreciably inhibit G-6-PDH, and pro- 
duced only about 40% inhibition of hexoki- 
nase. HgCl. alone did not produce the same 
type of differential inhibition, and an excess 
of ethylenediaminetetraacetic acid (EDTA) 
did not reverse or prevent inhibition of gluta- 
thione reductase. The HgCle-GSH reagent, 
when mixed with Tris buffer at pH 8.3, re- 
tained its ability to inhibit glutathione reduc- 
tase after standing 5 hours at room tempera- 
ture; longer intervals were not tested. 

When extracts of rat liver and erythrocytes 
were analyzed for G-6-P, there was interfer- 
ence by the relatively high concentration of 
GSSG in these tissues (Table II). The 
HgCl.-GSH reagent effectively prevented re- 
oxidation of TPNH, as indicated by the stable 
and higher optical density values obtained. 
An extract of frog leg muscle showed no ten- 
dency to reoxidize TPNH, and no significant 
difference in G-6-P content was found when 


TABLE II. Determination of G-6-P in Tissue Extracts. 


= Increase in optical density \ 
Tissue HgCl,-GSH Ilmin. 2min. 38min. 4min. 5 min. 10 min. 
Liver — 030 014 006 .003 0 0 
4 = 045 045 046 .045 045 .045 
Erythrocytes — .005 001 0 0 0 
4 = O11 012 .012 sO O11 
Muscle _— 095 +.0009 .095 +.0008 
id FIP .096 +.0006 .096 +.0006 


Reaction mixture: Tris, TPN, and G-6-PDH as in Table J, plus 0.1 ml 0.1 wm EDTA ad- 
justed to pH 8.3 with KOH. Extracts correspond to 14.2 mg liver, 29.8 mg muscle or 0.013 ml 
packed RBC. Means of duplicate assays for liver and RBC; quadruplicate determinations for 


muscle, + stand. error of mean. 
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muscle extracts were assayed with or without 
HgCl.-GSH reagent (Table II). 

Two of the G-6-PDH preparations had sig- 
nificant hexokinase activity, which poses a 
problem, since glucose and ATP are present 
in most tissue extracts. However, when 
MgCls was omitted and EDTA added, hexo- 
kinase was completely inhibited without ap- 
preciable loss of G-6-PDH activity (4). 

To test recovery of G-6-P, a measured 
amount was added to a HClO, extract of 
muscle prior to neutralization; a 70% increase 
in G-6-P content was observed in quadrupli- 
cate determinations, and this agreed within 
1% with the theoretical value. 

Discussion. Steiner and Williams(5) re- 
cently showed that GSSG in liver extracts in- 
terferes with enzymatic assay of G-6-P. They 
were able to remove the GSSG with Dowex 50. 
G-6-P was separated from free glucose in 
their extracts by precipitation with barium 
and alcohol. The present procedure makes 
these additional steps in determination of G- 
6-P unnecessary. 

The important but separate problem of ob- 
taining tissue extracts without stimulating 
glycogenolysis has not been considered in this 
presentation. 


Summary. A method is described for 
measurement of glucose-6-phosphate in tissue 
extracts by use of glucose-6-phosphate dehy- 
drogenase. Interference resulting from con- 
tamination of this enzyme with glutathione 
reductase was abolished by addition of a mix- 
ture of HgCly and glutathione. Hexokinase, 
another contaminating enzyme which inter- 
fered with the determination, was inhibited by 
removing Mg ion. Phosphoglucomutase and 
phosphoglucoseisomerase were not present in 
significant amounts. 


The authors are grateful to Dr. Carl F. Cori for 
encouragement and advice, and thank Drs. Robert 
K. Crane for a preparation of fructose-6-phosphate 
and David H. Brown for glucose-1,6-diphosphate. 
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Regulation of Cholesterol Mobilization in Mice by Bile Acids.* (25584) 


Witiiam T. BEHER, WILLIAM L. ANTHONY AND GIZELLA D. BAKER 
Edsel B. Ford Inst. for Medical Research, Henry Ford Hospital, Detroit, Mich. 


In a study of effects of several bile acids on 
cholesterol levels and synthesis rates in mice 
(1), 2 of these substances—cholic and hyode- 
oxycholic acids—had definite but opposing ef- 
fects. Cholic acid caused substantial increase 
in liver cholesterol levels, which triggered 50% 
decrease in rate of acetate-1-C' incorporation 
into liver total cholesterol. On the other 
hand, hyodeoxycholic acid decreased liver 
cholesterol, and greatly increased synthesis 
rate. Since previous experiments(2,3) had 
shown that cholic acid greatly retards mobili- 
zation of accumulated mouse liver cholesterol, 

* This investigation was supported in part by re- 
search grant from Mich. Heart Assn. 


it seemed of interest to test the effect of hyo- 
deoxycholic acid on the same parameter to 
see if it would effectively increase the rate of 
cholesterol mobilization. 

Procedures. Two hundred twenty Webster 
strain female, albino mice, weighing 18-20 g, 
were placed on a synthetic basal cholesterol 
free diet (CFD) (4) for 2 weeks, and then di- 
vided into 2 groups. Fifty mice received un- 
supplemented basal diet (CFD), while re- 
maining 170 mice were placed on diet of CFD 
plus 0.5% cholic acid and 1% cholesterol. At 
end of 3-week cholesterol build-up, 10 normal 
mice and 10 mice from the build-up group 
were sacrificed for liver and carcass choles- 
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TABLE I. Mobilization of 
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Aceunulated Liver Cholesterol in Mice Fed Cholie and Hyodeoxy- 


cholic Acids, as a Function of Time. 


Liver total cholesterol, mg/g liver 


Group 0 time 1 wk 2 wk 3 wk 4 wk 
A. Normal—CFD* 6.59 + 1.56 6.74 + 1.61 6.84 + 1.1] 7.02 + 1.56 7.93 + 1.90 
B. Regression—CFD 18:7 + 4.06 2093. = 5.40 15.3" 22.90" W0t) Sa 2-45 UO am ale 
C. Idem + 0.5% cholic 18.7 + 4.06 19.4 +3.03 19.0 +354 184 +3.70 18.1 + 2.60 
acid 
10): ” + 0.5% hyo- 18.7 + 4.06 8.46 + 6.17 3.28 + 1.05 Bel ate Oil Baa ie: toes 
deoxychole 
aeid 
EK. ” + 0.5% cholic 18.7 + 4.06 9.56 + 5.23 6.21 + 2.12 6.36 + 2.30 3.98 + .55 
acid + 0.5% 
hyodeoxycholie¢ 
acid 
Statistical comparison of values: 
Groups 1 wk 2 wk 3 wk 4 wk 
A and B P< .0i Pei IP << AMI IPS oS 
A and C ¥ 4 % Pre Or 
A and D 12) Ss py ie e 
C and E Ie Ail 4 % 


* CFD = cholesterol-free diet. 


terol determination. The remaining 40 nor- 
mal (Group A) mice were continued on CFD, 
while mice with elevated cholesterol were di- 
vided into 4 regression groups of 40 mice 
each: Group B, regression controls, were re- 
turned to CFD; Group C received CFD plus 
0.5% cholic acid; Group D, CFD plus 0.5% 
hyodeoxycholic acid; and Group E, CFD plus 
0.5% cholic acid and 0.5% hyodeoxycholic 
acid. At weekly intervals one-fourth of mice 
from each group were sacrificed, their livers 
removed and analyzed for total cholesterol (3). 
Stomachs and intestines were removed and 
cleared of all ingested material, then hydro- 
lyzed together with the carcass and blood by 
refluxing for 3 hours in 5% alcoholic potas- 
sium hydroxide. Aliquots of the hydrolysate 
were used for total cholesterol determination 
(Soe 

Results. Several interesting findings re- 
sulted. Regression (Table I) of accumulated 
(187% increase) liver cholesterol of Group B 
mice required a total of 4 weeks after return 
to the cholesterol free diet (CFD). On the 
other hand, animals fed CFD plus 0.5% 
cholic acid (Group C) showed no regression 
of elevated liver cholesterol within the same 
interval. The accumulated liver cholesterol 
of animals fed CFD supplemented with 0.5% 
hyodeoxycholic acid (Group D) regressed to 


+ numbers are stand. dey. 


near normal levels by end of first week, and 
dropped to 50% below normal cholesterol 
level by the end of 2nd week. This level was 
maintained through the end of 4th week. Ad- 
dition of equal percentages of both bile acids 
(Group E) showed that at this concentration 
hyodeoxycholic acid reverses the inhibitory 
effect of cholic acid on liver cholesterol mo- 
bilization. 

Data on mobilization of accumulated mouse 
carcass cholesterol are presented in Table II. 
There was a 26% increase in carcass choles- 
terol during the 3-week build-up period. Re- 
gardless of dietary supplement, carcass cho- 
lesterol levels returned to normal by the end 
of 2nd week. 

It appears that in the mouse the control of 
cholesterol metabolism in extrahepatic tissues 
—with exception of blood(4)—is independent 
of the effects of bile acid and of liver per se. 

The mechanisms by which bile acids influ- 
ence liver cholesterol mobilization remain 
doubtful. Cholic acid may inhibit cholesterol 
mobilization (a) by preventing excretion of 
a and £ sterols, or (b) by blocking oxidation 
of cholesterol to bile acids obligatory for secre- 
tion(5,6). Hyodeoxycholic acid may have the 
opposite effects: that is, it may promote rapid 
excretion of a and £ sterols, or may increase 
the rate of cholesterol oxidation. The reversal 
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TABLE II. Mobilization of Accumulated Carcass Cholesterol in Mice Fed Giolie and Hyodeoxy- 
cholic Acids, as a Function of Time. 


Careass* 


total cholesterol, mg/g carcass 


Group 0 time 1 wk 2 wk 3 wk 4 wk 
A. Normal—CFDt 2.45 + .38 2.43 + .19 2.66 + .29 2.55 + .36 2.05 + .37 
B. Regression—CFD 3.08 + .43 3.05 + .16 2.60 + 19 2.48 4 .29 2.383 + .49 
D. Idem + 0.5% hyo- 3.08 + .43 3.11 + .29 he) Se alls 2.68 + .21 2.62 + .20 
déoxycholi¢ + 
acid 
HH. ” +0.5% cholic 3.08 + .48 3.09 + .14 PGS ae NG) 2.06 - 37 2.78 + .35 
acid + 0.5% 
hyodeoxycholie 
acid 
Statistical comparison of values: 
Groups 0 time 1 wk 2 wk 3 wk 4 wk 
A and B BE<eOil ieee 0 P= .64 Re 7.69 1D ss 
A and D a i ee Pi AS ep = A012) 
A and E “ + P90 IP AO) P= .24 


* without liver. 


of cholic acid effects by hyodeoxycholic acid 
suggests that the latter substance acts as an 
antimetabolite of cholic acid. Although gen- 
eral increases or decreases in metabolic rate 
would have similar effects on cholesterol mo- 
bilization, we have shown (4,7) that under our 
experimental conditions, the metabolic rate 
remains constant. 

It was hoped that the effects of hyodeoxy- 
cholic acid in the mouse could be duplicated 
in other species, but in preliminary studies in 
the rat, this substance was ineffective at equi- 
valent dosage levels. 

Summary. The effects of cholic and hyo- 
deoxycholic acids on mouse liver and carcass 
cholesterol mobilization were investigated. 
Cholic acid inhibited liver cholesterol mobili- 
zation, while hyodeoxycholic acid promoted a 
rapid elimination of accumulated liver cho- 


t CED = cholesterol-free diet. 


+ numbers are stand. dev. 


lesterol. Hyodeoxycholic acid reversed the 
inhibition caused by cholic acid. Neither of 
these substances effected the rate of carcass 
cholesterol mobilization. 
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Aliphatic Amino Compounds as Inhibitors of Plasminogen Activation. 


(25585 ) 


ALBERT SJOERDSMA* AND 
Medical Clinic, General Hospital, Un 


The fibrinolytic system of man is the sub- 
ject of increasing interest(1). While activa- 
tors such as streptokinase have been studied 
extensively, inhibiting agents have received 

* Visiting Scientist, N. H. Inst., Bethesda, Md. 


IncA Marie NILSSON 
iversity of Lund, Malmo, Sweden 


relatively little attention. «-amino-n-caproic 
acid (e-ACA) was first mentioned in this con- 
nection in 1957 by Japanese workers who de- 
scribed it as an anti-plasmin agent(2). It 
was shown subsequently by Ablondi e¢ a/.(3) 
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and Alkjaersig et al.(4) that the primary ac- 
tion of this compound is to inhibit plasmino- 
gen activation. It is of interest that Miillertz 
(5) had reported earlier that lysine and orni- 
thine are also inhibitors of plasminogen acti- 
vation. A systematic study of aliphatic amino 
compounds seemed desirable. An in vitro 
system for studying plasminogen activation 
was utilized for this purpose. 

Materials and methods. Amino compounds. 
The compounds tested were obtained from 
commercial sources. They were amino acids 
and diamines with a carbon chain of 3 to 8 
C's: 1) 3 C's: B-alanine, 2), 4. Os-2 DE -a, 
DL-8 and y-aminobutyric acid and _ putres- 
cine * 2 HCl, 3) 5 C’s: A-aminovaleric acid ° 
HCl, A-aminolevulinic acid - HCl (methyl 
ester), Z-glutamic acid, ornithine - 2 HCl, 
(L-+-)-arginine - HCl and cadaverine * 2 HCl, 
4) 6 C’s: eaminocaproic acid (e-ACA), DL- 
norleucine and L-lysine * HCl, and 5) 8 C’s: 
w-aminocaprylic acid. The e-ACA used here 
was a commercial preparation from L. Light 
& Co. Ltd., Colnbrook, England. On high 
voltage electrophoresis it was homogeneous. 
Constituents of in vitro systems: Bovine fibri- 
nogen with a coagulability of 97-98% was 
prepared according to Blomback and Blom- 
back(6). The thrombin used was throm- 
bin Roche (Topostasin). A preparation 
of human plasminogen + proactivator was 
obtained from Kabi, Stockholm. It had 
been prepared by Kline’s’ modification 
of Christensen and Smith’s procedure from 
human plasma Fraction III and contained 
0.2 casein unit/mg. Human plasmin was 
a preparation of spontaneously  acti- 
vated human plasminogen with 0.2 casein 
unit/mg. A highly purified streptokinase 
preparation containing 500 units/ug nitrogen 
was supplied also by Kabi, Stockholm. Sys- 
tem for testing inhibition of plasminogen ac- 
tivation. The inhibitory effect of e-ACA and 
related substances on plasminogen activation 
by streptokinase was tested in a clot system 
at pH 7.4 and 37°C. Each tube contained 
the following components in their order of ad- 
dition: 0.1 ml plasminogen solution (0.1 mg/ 
ml 0.9% NaCl) + 0.5 ml Tris buffer of pH 
7.4 and ionic strength 0.15 containing a suf- 
ficient amount of the compound to be tested 
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to give final concentrations shown in Table I 
+ 0.2 ml of 0.5% bovine fibrinogen in Tris 
buffer + 0.1 ml streptokinase solution (50 
units/ml 0.9% NaCl) + 0.1 ml thrombin 
solution (20 N.I.H. units/ml 0.9% NaCl). 
Lysis time was determined from the time 
streptokinase was added. In absence of in- 
hibitors an average lysis time of 10 minutes 
was obtained. In absence of inhibitors and 
streptokinase no dissolution of the clot was 
obtained within 48 hours. Anti-plasmin as- 
say. The anti-plasmin activity of the com- 
pounds was assayed by incubation with spon- 
taneously activated human plasminogen and 
determining degree of inhibition produced. 
Plasmin aliquots (0.4 ml containing 1.6 casein 
units) were incubated with 0.1 ml of a 10+ 
M solution of the compound for 10 minutes 
at 37°C. Each sample was then assayed for 
residual plasmin on heated fibrin plates (sub- 
jected to 85°C for 45 minutes) as described 
by Nilsson and Swedberg(7). The result was 
expressed as percentage inhibition of the ori- 
ginal plasmin solution. 


Results. Activity of the various com- 
pounds, in order of potency as inhibitors of 
plasminogen activation, is shown in Table I. 
«-ACA, the reference compound, was most po- 
tent. Only one other substance, A-amino- 
valeric acid, showed activity at a concentra- 
tion of 10° M. A-aminolevulinic acid and 
w-aminocaprylic acid had significant activity 
at 5 x 10° M. y-aminobutyric acid and lysine 
at 10° M and putrescine, cadaverine and orni- 
thine only at 5 x 10° M. Even at the latter 
concentration, no inhibitory activity was 
found with the other compounds tested. 

None of the substances were anti-plasmin 
agents as measured by the procedure described 
under methods. 

Discussion. The results indicate that ali- 
phatic amino acids with a carbon chain length 
of 4 to 8 are inhibitors of plasminogen activa- 
tion, maximal activity residing in the 6-carbon 
compound, «ACA. That the terminal posi- 
tion for the amino group is critical is shown by 
the fact that whereas y-aminobutyric acid has 
significant activity, a and B-aminobutyric acid 
do not. Furthermore, «ACA is a potent in- 
hibitor whereas a-aminocaproic acid (norleu- 
cine) is inactive. A function for the carboxyl 
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TABLE I. Inhibitors of Plasminogen Activation In Vitro. 


Concentration aud Lysis times* 

Inhibitor 5 < 107art 10°M 5 & 10° 10° 10-'w 
eAminocaproie acid >20 hr ea 4hr 44 16 
A-Aminovaleric ” >20 hr ca 3hr Pei 1153 
A-Aminoleyulinie ” ea 4hr ayy? 16 itil 
w-Aminoeaprylic ” >20 hr 55 24 11 12 
y-Aminobutyrie  ”’ 81 25 12 10 
Lysine 80 24 13 12 
Putrescine 45 12 10 9 
Cadaverine 36 alee 10 10 
Ornithine 34 16 10 9 


* Unlabelled values represent clot lysis times in min.; each value represents avg of at least 4 
determinations in duplicate. Avg of 52 control determinations was 10 min. with range of 7-16 


min, 


t No prolongation of lysis time was found at 5 X 10m with the following: g-alanine, a- and 
B-aminobutyric acid, glutamic acid, arginine, and norleucine. 


group as well is shown by the fact that addi- 
tion of an amino group in the a-positions of 
«-ACA (a, e-diaminocaproic acid or lysine) 
and A-aminovaleric acid (a, A-diaminovaleric 
acid or ornithine) results in considerable re- 
duction of activity. Also, replacement of the 
carboxyl groups of the 4 and 5 carbon amino 
acids with amino groups (the diamines, pu- 
trescine and cadaverine) results in lessened 
activity. 

«-ACA appears to be a promising agent for 
clinical trial in fibrinolysis associated with 
various diseases or with use of streptokinase 
for treatment of thromboembolic episodes. 
Preliminary clinical studies in this laboratory 
confirm this impression. In addition to pos- 
sible use of such compounds as therapeutic 
agents, the question arises whether any of 
them may play a role in physiologic or path- 
- ologic fibrinolysis and thrombosis. The 2 
most potent substances, e--ACA and A-amino- 
valeric acid have not been found in animal tis- 
sues. However, the latter compound has been 
reported by Fosdick and Piez(8) to be pres- 
ent in saliva of patients with periodontitis, 
presumably as a product of bacterial putre- 
faction. Local production of this inhibitor of 
fibrinolysis might account in part for the in- 
dolent characteristics of this disease. It is 
unlikely that naturally-occurring compounds 


such as A-aminolevulinic acid and y-amino- 
butyric acid occur in a sufficient concentra- 
tion in any tissue to exert an inhibiting effect. 

Conclusions. Several aliphatic amino com- 
pounds are inhibitors of activation of plas- 
minogen by streptokinase in vitro. The most 
potent of these are amino acids with a carbon 
chain length of 4 to 8 and with the amino 
group in the omega position. The significance 
of these findings is discussed. 


The technical assistance of Gunilla Martinsson is 
appreciated. 
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Mammogenesis in Ovary-Thyro-Parathyroidectomized Rats.* 


(25586 ) 


R. von BERSWORDT-WALLRABE! AND C. W. TURNER 
(With technical assistance of Mary E. Powell) 
Dept. of Dairy Husbandry, College of Agriculture, University of Missouri, Columbia 


Little is known concerning role of parathy- 
roid glands in mammary gland growth. In 
our studies concerning the role of various hor- 
mones on mammogenesis, levels of estradiol 
benzoate (EB) and progesterone (P) were 
indicated which stimulated lobule-alveolar 
growth (as measured by total DNA) equal to 
that observed at the end of pregnancy, when 
given daily for 19 days to ovariectomized 
(OE) rats(1). The present experiment was 
undertaken to determine the effects of absence 
of parathyroid hormone upon mammogenesis. 

Materials and methods. Sprague-Dawley- 
Rolfsmeyer rats were OE on day 1 of experi- 
ment and thyro-parathyroidectomized (TPE) 
on day 7. One group was injected daily with 
2 »g EB plus 6 mg P, a second group received 
additional 3 pg l-thyroxine (T4)/100 g body 
weight (BW) from day 15 through day 33. 
Animals were sacrificed on day 34, 24 hours 
after 19th injection. Control animals were 
operated in the same way but not injected with 
hormones. All animals were injected with 1 
pc 113! on day 31 or 32. Forty-eight hours 
later I1*' uptake was checked in 3 regions: 
neck, body (abdomen) and bladder. Animals 
which showed a higher uptake in the neck 
region than in the body were excluded from 
the experiment under the assumption that re- 
moval of thyroid tissue was incomplete. Ani- 
mals were killed with ether, pituitaries and 
the 6 posterior mammary glands removed rap- 
idly. Processing of mammary tissue was con- 
ducted as previously described(1,2). Lobule- 
alveolar development was checked in whole 
mounts of glands. 


Results. The OTPE group at levels of 2 
ug EB plus 6 mg P showed mammary develop- 


* Contribution from Mo. Agr. Exp. Sta., Journal 
Series No. 2100. Approved by the Director. Investi- 
gation supported in part by grant from Am. Cancer 
. Soe 

t Research Fellow, Dept. of Animal Physiology 
and Animal Nutrition, Univ. of Goettingen, West 
Germany, and Medical Fellow of Population Council. 


ment (as measured by total DNA content of 
the 6 abdominal mammary glands/100 g body 
weight (BW)) equal to that of OE group. 
Due to significantly reduced amount of dry, 
fat-free tissue (DFFT)/100 g BW there was 
no further increase of total DNA when 3 pg 
T4/100 g BW were given to replace the thy- 
roid gland, although DNA/mg DFFT was 
significantly increased. 

Wet weight of pituitaries/100 g BW in- 
creased markedly under the influence of ovar- 
ian hormones. T4 reduced this hyperplasia 
but increase was still significant in relation to 
controls. 


Completeness of thyroidectomy was shown 
by minimal I'*! uptake at 48 hours. Complete- 
ness of parathyroidectomy was not deter- 
mined. 

Mammary glands of control animals showed 
duct development, whereas rats receiving 
ovarian hormones exhibited lobule-alveolar 
development. The fatty pads in which mam- 
mary glands grow were well developed in all 
groups except those given T4. 

Discussion. Data presented are first quanti- 
tative evidence that complete mammogenesis 
can be induced experimentally with adequate 
levels of ovarian hormones in OTPE rats, con- 
firming previous studies based on qualitative 
data(3). However, this observation was un- 
expected since T4 deficiency was expected to 
depress mammary gland growth. These data 
suggest the possibility of higher levels of 
ovarian hormones replacing thyroid and para- 
thyroid hormone deficiencies. It was shown 
that 3 ug T4/100 g BW increased total DNA 
of mammary glands of OE rats when given in 
addition to same amounts of ovarian hormones 
(2). Furthermore, in pregnant rats, DNA 
was increased when 2.5 and 3.5 wg T4/100 g 
BW were injected daily. (Unpublished data). 

In the present experiment, however, addi- 
tion of 3 »g T4 did not increase total DNA of 
mammary glands of OTPE rats given ovarian 
hormones compared to OE rats. Since the 
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TABLE I. Experimental Mammogenesis in Ovary-Thyro-Parathyroidectomized Rat. 
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Concentration of ACTH in Cavernous Sinus and Peripheral Blood 


Collected from Unanesthetized Sheep.* 


(25587) 


L. Z. McFartanp, M. T. CLEGG anp W. F. GANonc (Introduced by H. H. Cole) 
University of California, Depts. of Vet. Medicine and of Animal Husbandry, Davis, and 
Dept. of Physiology, San Francisco 


Anatomical location of the pituitary and 
abrupt termination of its effluent veins into 
the cavernous sinus makes direct collection of 
venous blood from this gland impossible. 
Ganong and Hume(1) reasoned that since 
effluent veins of the pituitary emptied directly 
into the cavernous sinus in the dog, samples 
of blood from this site should contain high 
concentrations of pituitary hormones. They 
used a stereotaxic instrument to position a 
needle within the cavernous sinus and demon- 
strated that blood collected from this site 
contained a significantly higher concentration 
of ACTH than peripheral arterial blood. 
Sheep, another species in which pituitary veins 
empty into the cavernous sinus(2), would be 
an ideal experimental animal. Their docility 
permits easy manual restraint, and their large 
size is conducive to removal of a considerable 
volume of blood. This paper describes a sim- 
ple method of puncturing the cavernous sinus 
in the unanesthetized sheep and presents evi- 
dence that concentration of ACTH is greater 
in cavernous sinus blood than in peripheral 
blood. 

Methods. Vinylite corrosion casts of 4 
sheep heads were examined to determine ex- 
tent of the cavernous sinus and its connec- 
tions. The cavernous sinus is a large, paired 
structure lying on the basisphenoid. An ex- 
tensive rete mirabile cerebri is embedded with- 
init. Effluent veins of the pituitary and oph- 
thalmic veins enter the sinus. A small inter- 
cavernous sinus is located anteriorly and a 
large intercavernous sinus posteriorly. Large 
radicles pass from the cavernous sinus out 
through the foramen lacerum to connect with 
the internal maxillary vein of the systemic 
venous system. Small radicles connect with 
the basilar sinus, and no emissary veins are 
present. The cavernous sinus extends pos- 


* This work supported in part by U.S.P.HS. re- 
search grant C-3685 and by grant from Common- 
wealth Fund. 


teriorly beyond the foramen ovale, which is 
very large in sheep. The large size of this 
foramen suggested an approach to the caver- 
nous sinus from the exterior. More than 20 
sheep were used to verify that the cavernous 
sinus could be punctured through this foramen 
and that blood could be collected. Sheep were 
manually restrained in either a standing or a 
lateral recumbent position. A 4 inch by 15 or 
16 gauge hypodermic needle attached to 50 
ml syringe was inserted through the skin in 
the parotid region approximately 2 inches be- 
low the external auditory meatus and just 
caudal to the posterior border of the ramus of 
the mandible (Fig. 1). The needle was gently 
inserted toward the opposite eye in an antero- 
dorsal direction. When the needle entered the 
foramen ovale, its penetration of the mandibu- 
lar division of the trigeminal nerve caused the 
animal to struggle. After the needle had 
passed through the outer layer of the dura 
mater which covers the cavernous sinus, tissue 
resistance was no longer encountered and 
blood from the sinus entered the syringe. 
Four rams were used to verify that blood from 
this source contained a higher concentration of 
ACTH than from a peripheral source. To 
stimulate ACTH release, the rams were sub- 
jected for 1 minute to intermittent electrical 
shocks applied 5 minutes before collecting the 
blood. Fifty milliliters of blood from the 
cavernous sinus and from the recurrent tarsal 
vein were collected simultaneously. These 
samples were placed in heparinized tubes and 
centrifuged 5 minutes. The plasma was de- 
canted into glass containers and frozen imme- 
diately on dry ice. Plasma ACTH concentra- 
tions were determined according to the method 
of Nelson and Hume(3). 

The results (Table I) indicate that plasma 
samples from the cavernous sinus consistently 
show a higher concentration of ACTH than 


plasma samples from the peripheral venous 
source. 


CAVERNOUS SINUS BLOOD FROM SHEEP 


FIG. 1. Anatomical illustration of sheep skull 
showing site of puncturing the cavernous sinus 
(greater cornu of hyoid bone is removed). 1—ramus 
of mandible; 2—condyle of mandible; 3—-zygoma- 
tic arch; 4—temporal bone; 5—muscular process; 
6—paramastoid process; 7—occipital condyle; 
EAM—external auditory meatus, and FO—fora- 
men ovale. 


Concentration of ACTH ranged from 54 to 
123 milliunits % in sinus plasma compared to 
0.6 to 59 milliunits % in peripheral plasma. 
In any individual animal the difference be- 
tween the 2 samples was greater than 2-fold. 
These results confirm those of Ganong and 
Hume(1) that pituitary ACTH is present in 
its highest concentration in cavernous sinus 
blood. 

Some precautions in the use of this technic 
should be observed. Some dilution of caver- 
nous sinus sample may occur if the rete mira- 
bile cerebri is ruptured. Arterial contamina- 
tion is indicated by increased redness of blood 
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TABLE I. Concentration of ACTH in Samples of 
Blood Withdrawn Simultaneously from Cavernous 
Sinus and from Recurrent Tarsal Vein in 4 Rams. 
SS ee ee Ae 


ACTH content, milliunits/100 ml plasma 


Reeurrent 


Cavernous sinus tarsal vein 


54 0.6 

60 14 

78 34 
123 59 


entering the syringe. This seldom occurred. 
If the needle is inserted too far it may damage 
the pituitary or penetrate the diaphragm sel- 
lae and enter the brain. The proper depth is 
reached when blood freely enters the syringe. 
If the needle is directed too far ventral, it may 
damage the external maxillary vein or artery 
causing hemorrhage. This is not serious. Fol- 
lowing removal of blood and release of ani- 
mal, no ill-effects were observed in spite of 
repeated samplings and sampling from either 
side. 

Thus far blood obtained from the cavernous 
sinus has been examined for ACTH concentra- 
tion only. It is probable that high concentra- 
tions of other pituitary hormones are also 
present. Studies on concentration of gonado- 
trophins are now in progress. 

Summary. A simple technic for puncturing 
the cavernous sinus of unanesthetized sheep 
through the foramen ovale has been described. 
Cavernous sinus plasma showed at least a 2- 
fold greater concentration of ACTH than peri- 
pheral plasma collected simultaneously from 
the recurrent tarsal vein. 


The authors are indebted to Priscilla Tippett for 
illustration and to Angela Boryczka, Roy Shackle- 
ford, and Vina Sera for technical assistance. 
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Thermal-Resistant Populations of Foot-and-Mouth Disease Virus. 


(25588) 


H. L. Bacuracu, R. E. Patty anp R. A. PLEDGER 
Plum Island Animal Disease Lab., U. S. Dept. of Agriculture, Greenport, L. I., N. Y. 


Bachrach e¢ al. reported thermal resistance 
of a small fraction (0.001) of a wild strain of 
foot-and-mouth disease virus (FMDV) grown 
in tissue culture(1). The present communi- 
cation deals with the genetic homogeneity of 
this strain. The study shows that the ther- 
mal-resistant virus fraction, after subsequent 
passages in tissue culture under continuing 
heat selection, yields virus populations con- 
taining a much higher proportion of thermal 
resistant particles than were present in the 
wild population. However, further passages 
of such populations, made without selecting 
out the thermal-resistant fraction, yield virus 
populations which have partially reverted 
toward the heat sensitivity of the wild strain. 

Material and methods. Wild virus was 
FMDV, type A, strain 119, (FMDV-A119) 
passaged 76 times in calf-kidney cultures as 
previously reported(2). Infectious fluids 
were harvested, pooled, and stored at —40°C. 
As needed frozen virus was thawed to 4°C 
and centrifuged at 6,400 x g for 30 minutes 
to remove cell debris. Cultures as confluent 
sheets of cells were produced in 4-oz prescrip- 
tion bottles and Roux flasks from trypsin-dis- 
persed fragments of calf kidney. Virus infec- 
tivity measurements were made by plaque as- 
say as described elsewhere(2). One-tenth-ml 
volumes of properly diluted virus were plated 
in duplicate onto calf-kidney cultures in pre- 
scription bottles. After 90 minutes incubation 
at 37°C, the cultures were overlaid with agar 
medium. Plaques were read at 72 hours. A 
few virus titrations were also made in guinea 
pig foot pads and in cattle tongues. A ther- 
mal inactivation procedure was used which 
changed the temperature of the virus quickly. 
That is, one part of buffered virus at 20°C 
was mixed with 9 parts of veronal-acetate 
buffer held in a water bath at one-half degree 
higher than the temperature desired. A 
nearly instantaneous adjustment of tempera- 
ture was thereby effected. After the desired 
interval of exposure, the thermal reaction was 
stopped by diluting the heated virus sample 


with an equal volume of ice-cold buffer. 

Results. As previously reported, wild virus 
populations heated at 55°C yield, within a 
few minutes, a residual fraction amounting to 
10° of the original virus. This fraction is 
much more resistant to heat than the bulk 
population. A similar relationship with a sur- 
viving fraction of only 10° is given in Fig. 1. 
The 60-min. survivors were then grown out to 
a high population in tissue culture and the 
new population was tested for its heat resis- 
tance. Fig. 1 shows that the new population 
(single heat purification) contains a much 
higher surviving fraction, 7.e., approximately 
10°, of heat-resistant virus particles than the 
wild parent. Survivors of this second heat 
treatment were again grown to a high popula- 
tion and again heated. This process was re- 
peated a third time with results presented in 
Fig. 1. Populations from doubly and triply 
heat-purified viruses appear more stable to 
heat than progeny from the heat residuum of 
wild virus. Furthermore, their curves, which 
approach straight lines, indicate that at least 
10% of the virus particles are of the heat- 
resistant kind. 

Differences in heat stability of wild parent 
virus and of progeny obtained after heat puri- 
fication were thought possibly due to a sensi- 
tization of the wild parent during its freezing 
and thawing—a process to which progeny 
were not subjected. Therefore, wild parent vi- 
rus and its progeny obtained after heat puri- 
fication were each examined as to rate of ther- 
mal inactivation with and without prior freez- 
ing. The respective curves were identical to 
those in Fig. 1, indicating that freezing and 
thawing of heat-sensitive or heat-resistant 
populations have no effect on their inactiva- 
tion at 55°C. 

Experiments were next carried out to deter- 
mine if populations with increased thermal 
resistance could be maintained without heat- 
ing for selection. The triply heat-purified 
virus (Fig. 1) was subcultured several times 
without heat treatment and then tested for 
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Inactivation curves at 55°C for wild foot-and-mouth disease virus and of virus de- 


rived from it by single, double, and triple heat purifications and by passages in calf-kidney cul- 


tures. 
FIG, 2. 
heat-resistant subcultures derived from it. 
thermal resistance. After 5 such passages, 
(Fig. 2) partial reversion toward the heat 
sensitivity of the wild strain occurred with 
90% inactivation at 55°C taking place 3 
times faster. Further passages of virus in 
culture, at least through the eighth and thir- 
teenth, caused no further change in heat re- 
sistance. 

No additional differences between wild and 
thermal-resistant populations were detected. 
There were no changes in size of plaques or in 
their rates of development at 37°C. Growth 
curves in calf-kidney cultures of 2 heat-resis- 


Inactivation curves at 55°C for wild foot-and-mouth disease virus and of various 


tant populations were compared with that of 
the wild virus (Table I). Peak titers ap- 
peared to be reached 2.5 hours earlier when 
inoculated with thermal-resistant virus and 
there was a slightly higher liberation of pro- 
geny per cell. This was not unexpected be- 
cause greater thermal inactivation during cul- 
turing would tend to spread out the logarith- 
mic growth phase of the thermal-sensitive 
strain and to decrease its peak titer. Also, no 
significant differences in infectiousness have 
been demonstrated between the two kinds of 
populations in any of the hosts tested, 2.e., 


TABLE I. Wild and Heat-Resistant Populations of Foot-and-Mouth Disease Virus: Growth 
and Comparative Infectivity. 
Population 
Wild virus None No. 2t¢ 
Growth: Time for 1 log increase in titer (min.) t 42 35 _ 85 . 
Peak titer (PFU/ml) onl SOY OH) Se MOK HIS AG): 
Time of peak titer (hr) 15 12.5 12.5 
Avg yield (PFU/cell) 102 118 113 
Infectivity Calf-kidney culture (log PFU/ml) 8.2 7.8 8.0 
tests in: Guinea pigs (log 1D;)/ml) 4.9 5.7 5.2 
Cattle (es eS ae) 6.7 5.7 6.5 


PFU—Plaque forming units. 


* Inoculum for this population derived from triply heat-purified virus (II in Fig. 2) subeul- 


tured 14 times without heating. 


+ Inoeulum for this population derived from triply heat-purified virus (II in Fig. 


2) subeul- 


tured 13 times without heating followed by one passage after heating. 


+ During logarithmic growth phase. 
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calf-kidney cultures, guinea pigs, and cattle 
(Table I). 

Discussion. Since it is assumed that sus- 
pensions of genetically reproducible units are 
variable in a number of characteristics, it is 
not surprising to find that FMDV is variable 
in its sensitivity to heat. The application of 
heat to the wild strain of FMDV appears to 
destroy primarily the heat-sensitive particles. 
Thus, by the process of selection, heat-resis- 
tant particles remain. However, in the com- 
petitive reproduction of both, heat-sensitive 
particles appear to have a selective advantage 
in their replication for they tend to predomi- 
nate in progeny. If this reversion process 
were to continue indefinitely in absence of 
heat treatment, it is expected that a complete 
reversion to the level of heat sensitivity of the 
wild type would be effected. Since the iso- 
lated resistant fraction—after 13 passages 
without heat—retains a significant resistance 
to the selecting agent, the heat treatment may 
effect a physical change within the virus par- 
ticle itself. From work being reported else- 


PRECIPITATION OF ANTIBODY-BOUND INSULIN 


where(Bachrach,3) it is clear that heating 
at 55°C denatures an_ infection-initiating 
property of the protein coat of FMDV with- 
out appreciable effect on its ribonucleic acid 
core. 

Summary. A small thermal-resistant frac- 
tion (10° to 10° at 55°C) of foot-and-mouth 
disease virus, type A, has been isolated from 
a wild population. Under continuing thermal 
selection, it breeds populations which contain 
much higher fractions, at least 10, of ther- 
mal-resistant virus particles. Such popula- 
tions revert partially, however, toward the 
sensitivity of the wild strain if not subjected 
to heat. 
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Detection of Insulin-Binding Antibodies and Separation of Free and 


Antibody-Bound Insulin by Rapid Chemical Procedure. 


ENocu Gorpis* 


(25589) 


(Introduced by S. A. Berson) 


Radioisotope Service, Vet. Admin. Hospital, Bronx, N. Y. 


The presence of insulin-binding antibodies 
in serums of insulin-treated patients has been 
demonstrated by paper strip chromato-electro- 
phoresis, starch block electrophoresis and ul- 
tracentrifugation of insulin-I?*t plasma mix- 
tures(1), by cellulose column chromatography 
(2) and by precipitation of insulin-antibody 
complexes with rabbit antihuman globulin 
serum(3). These technics are all somewhat 
time consuming, and are not suitable for anal- 
ysis of large volumes of material with low con- 
centrations of radioactivity. It seemed worth- 
while to attempt rapid separation of free and 
bound antibody-insulin by chemical proced- 
ure. Bates et al.(4,5) showed that in 76% 
ethanol saturated with NaCl most plasma pro- 
teins are precipitated at room temperature, 

* Fellow of Dazian Fn., 1958-1959, 


while insulin remains largely soluble. The 
present paper describes adaptation of a modi- 
fication of this procedure to separate free in- 
sulin from antibody-bound insulin. 

Materials and methods. Control (non-im- 
mune) serums were obtained from subjects 
who had never been treated with insulin. 
Antiserums were obtained from insulin-treated 
patients. Donors of “immune” serums were 
not clinically insulin-resistant and required 
less than 75 units of insulin daily to control 
their diabetes. “Resistant” serums came from 
donors who required at least 150 units of in- 
sulin daily at the time their blood was drawn. 
All “immune” and “resistant” serums had been 
studied in detail previously(6). Insulin-I1*1 
(specific activity, 38 - 73 mc I1*!/mg insulin) 
and gamma globulin-I'*! were prepared from 


PRECIPITATION OF ANTIBODY-BOUND INSULIN 


crystalline beef insulint and Cohn fraction IT! 
respectively, by methods described previously 
(7). Human serum albumin-I'! was pur- 
chased from Squibb Labs. Paper-electrophor- 
esis and hydrodynamic-flow chromatography 
were performed according to published 
methods(1). During preparation of insulin- 
I'*! at high specific activity some labeled in- 
sulin undergoes radiation damage such as re- 
ductive splitting of the disulfide bonds(8) 
and binds non-specifically to plasma proteins, 
primarily to alpha-globulins(1). Results 
given below are corrected for damaged in- 
sulin.’ I-labeled proteins were incubated 
with serum at 37°C for 4 hours, then refrig- 
erated at 4°C overnight. Fifty microliters of 
the mixtures were added to 1 ml of the various 
precipitating solutions. A white flocculent 
precipitate formed immediately in all cases 
and was separated immediately by centrifuga- 
tion. Radioactivities in whole mixtures and 
precipitates were then assayed under similar 
geometrical conditions in a well-type scintilla- 
tion counter. At the same time, aliquots of 
insulin-serum mixtures were analyzed for 
bound and free insulin by paper chromato- 
electrophoresis as described previously(1). 
Results. NaCl-saturated 76% ethanol solu- 
tion was in itself not suitable for separation of 
free and bound insulin at room temperature. 
Although more than half of albumin-I’*1 and 
almost all of gamma globulin-I'*! were pre- 
cipitated while 85% of insulin-I'*! remained 
in solution, only 48% of antibody-bound in- 
sulin was precipitated (Table I). 
Temperature and pH were found to influ- 
ence considerably the solubility of free and 
antibody-bound insulin. In general, lower 
temperatures favored precipitability of insu- 
lin-antibody complexes more than that of free 


t+ The Laboratory is indebted to Doctors Otto 
Behrens and C. W. Pettinga of Eli Lilly Research 
Labs. for generous supplies of crystalline insulin. 

} Prepared by Dr. Eric Pollaczek. 

§ This damage generally amounted to about 10- 
15% of total radioactivity as determined by paper 
chromato-electrophoresis of insulin-I481 in control 
serum. In antiserums, damaged fractions which bind 
to a and #-globulins and to albumin are readily dis- 
tinguished from antibody-bound insulin which mi- 
erates at front of gamma-globulin zone(1). 
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TABLE I. Preeipitable Radioactivity in NaCl 
saturated 76% Ethanol at 25°C pH 6.4. 


Insulin-resis- 


Control serum tant serum* 


Albumin-[*" 58% 
Gamma-globulin-[ 94% 
Tnsulin-[*" 15% 48% 


* 90% of insulin-I'** was bound to antibody in 
this serum as determined by paper electrophoresis. 


insulin whereas increasing acidity increased 
precipitation of free insulin (Table II). Ac- 
cordingly, the best separations were obtained 
at high pH and low temperature. At —10°C 
and pH 6.6 - 8.0, over 90% of the antibody- 
bound insulin could be precipitated, but as 
much as 25% of free insulin-I**! was precipi- 
tated as well (Table II). On increasing the 
pH to 10.2 or above, precipitability of free 
insulin was decreased considerably without 
significant loss in precipitability of insulin- 
antibody complexes. 

The solution found to achieve the best sep- 
aration was salt-saturated 76% ethanol in 
0.01 M KOH. Following precipitation at 
—12°C to -10°C, (achieved in an ice-brine 
mixture) centrifugation was performed at 
O°C since the small amounts of free insulin 
which coprecipitate at the lower temperature 
redissolve rapidly while insulin-antibody com- 
plexes remain as well-packed precipitates. Re- 
sults of this procedure applied to the serums 
of 23 control subjects and insulin-treated pa- 
tients are summarized in Table III. Precipita- 
tion of insulin-I?*1 in each case was compared 
with extent of insulin binding by antibody on 


TABLE II. Precipitable Insulin-I in NaCl-satu- 
rated 76% Ethanol Solution.* 


0°C — 10°C 
pH8t pH6.6} pH3.5§ pH 8t 
% insulin-I!** 10-11% 14-16% 27-81%: 15-25% 
precipitated 
from control 
serum 
% antibody- 78-80 74-76 85-87 90-95 
bound insu- 
lin precipi- 
tated from 
resistant 
serum 
* Hach set of values expresses range of 4 repli- 


cate determinations. 
+ 01m borate buffer. 
1); phosphate) 
§ ” acetate 


” 
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TABLE III. Precipitation of Insulin-I’*' from In- 

cubated Mixtures of Insulin-I'*! and Serum by 

NaClsaturated 76% Ethanol Solution in 0.01 mM 
KOH at —12°C. 


% vadioactiv- 


ity bound % Ab- 
to Ab by bound 
% radioae-  chromato- insulin 
Serum tivity pre- electro- precipi- 
dilution Type  cipitated phoresis tated 
Undil. Control 7 None 
15 ee 
6 ¥ 
6 ‘ 
6 ie 
Immune 51 82 62 
75 86 87 
63 71 89 
55 85 65 
90 91 90 
57 89 64 
75 75 100 
96 95 101 
89 90 99 
87 90) 97 
85 90) 95 
76 84 90 
1:10 Resistant 86 90 91 
nA 70 79 89 
“1 87 90 96 
1:50 78 90) 87 
Hs 91 90 101 
1:50 80 80 100 
paper chromato-electrophoresis. No more 


than 15% of free insulin was precipitated from 
control serums, while in 15 of 18 antiserums 
over 87% of the bound insulin was precipi- 
tated. 

A large number of experiments was per- 
formed in which salt and ethanol concentra- 
tions were varied. In general, decrease in salt 
concentration or increase in alcohol concentra- 
tion favored precipitation of free insulin with 
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the serum proteins With the modifications of 
temperature and pH described, the medium 
of Bates et al.(4,5) was found to be the most 
effective for the present purpose. 


Summary. A rapid chemical method for 
detection of insulin-binding antibodies and 
separation of free and antibody-bound insulin 
in human antiserums is described. With NaCl- 
saturated 76% ethanol solution in 0.01 M 
KOH at -12°C to -10°C, 87% - 100% of 
antibody-bound insulin was precipitated from 
15 of 18 insulin antiserums whereas 85% - 
94% of unbound insulin in control serums re- 
mained in solution. 


The author is indebted to Drs. S. A. Berson and 
RS. Yalow for aid and encouragement and for sup- 
plying insulin-I131 and serums. Thanks are also due 
Frieda Steiner for secretarial assistance. 
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Effect of Phentolamine (Regitine®) on Human Plasma FFA in vivo.* 
(25590) 


RoBErT F. KLEIN AND Morton D. BocpoNoFr 
Dept. of Medicine, Duke University Medical Center, Durham, N. C. 


Studies of plasma free fatty acid (FFA) 
levels in man and animals suggested that the 


* Supported in part by Irwin Strasburger Memo- 
rial Medical Fn., by Study of Aging, P.H.S. grants, 
and by fellowship from Nat. Heart Inst., P.HS. 


sympathetic division of autonomic nervous 
system affects lipid metabolism(1). Admin- 
istration of noradrenalin and adrenalin causes 
rapid rises in plasma FFA levels. Adminis- 
tration of an autonomic ganglion blocking 
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TABLE I. Individual Response to Phentolamine Infusion FFA (um/1) in 9 Subjects. 


During During Time after end of phentolamine infusion, 

saline — phentolamine min, 
Dose, mg Resting infusion infusion 10 20 30 40 50 60 
5 480 498 —* 856 785 836 840 —- 1157 
5 384 351 == 465 408 Any 370 385 
15 507 429 661 692 672 621 
< 611 813 721 1032 983 878 879 908 883 
30 601 651 901 LOTS NOOR L082) — 1187 = 
ns 566 543 545 752 699 701 = =718 700 741 
f 292 287 355 654 == 935 == 617 = 
t i 754 664 1078 1158 =1013 879 = 739 568 
: 442 384 574 606 721 664. — 654 == 


* — indicates no samples taken. 


agent lowers plasma FFA levels during the 
blockade(2). This study reports the effect 
of infusion of an adrenolytic agent (phentola- 
mine, Regitine®) upon plasma FFA levels in 
man. 

Methods. Eight hospitalized males and one 
volunteer male university student were stud- 
ied. Their ages ranged from 19-56. All sub- 
jects were considered free of known metabolic 
abnormalities. None of the subjects was 
obese. They fasted 10-16 hours (overnight). 
All were previously informed as to the nature 
and general technic of the test. Subjects were 
studied in the supine position, with blood 
pressures and pulse rates taken by ausculta- 
tion at 5-10 mintue intervals. Venous blood 
was drawn from a forearm or antecubital vein 
through an indwelling #18 Cournand needle. 
After a 20 minute rest period following needle 
placement, a saline infusion was given at 1-2 
cc/min through a #18 Cournand needle in the 
opposite arm. By utilizing a 3-way stopcock, 
phentolamine infusion was started. Dosage of 
phentolamine was as follows: 5 mg in 2 sub- 
jects, 15 mg in 2 subjects and 30 mg in 5 sub- 
jects (the latter 2 doses given by a constant 
infusion pump at approximately one mg/ 
min). Following the phentolamine infusion, 
blood samples were drawn at 10 minute inter- 
vals for determination of glucose (Somogyi- 
Nelson method) and FFA (Dole method). 

Results. Table I lists FFA values obtained. 
Although there were no consistent changes 
during infusion, all subjects showed increased 
FFA levels following administration of phen- 
tolamine. These higher levels tended to fall 
after 20-30 minutes but in only one subject 
(+ in Table I) did they return to pre-injection 
levels at one hour after completion of infusion. 


+ Subject J.S. referred to in text. 


Glucose values were essentially unchanged 
during and following phentolamine infusions. 

All subjects showed a transient increase in 
pulse rate ranging from 4 to 26 beats/min 
during the first few minutes of infusion, with 
some subjects maintaining the increased pulse 
rate for duration of infusion. Blood pressure 
effects were as follows: A systolic and diastolic 
fall of 5-10 mm Hg occurred during the first 
4-5 minutes of infusion, was followed by in- 
crease in systolic pressure, with diastolic pres- 
sure remaining depressed. ‘The overall effect 
was an increase in pulse pressure of 10-20 mm 
Hg. 

Discussion. The mechanism of this abrupt 
rise in plasma FFA levels following adminis- 
tration of an adrenergic blocking agent is un- 
known. The same phenomenon has been 
noted by Havel and Goldfien in the dog, using 
dibenamine(3). Benfey, Ledoux and Melville 
have demonstrated a marked increase in uri- 
nary catechol amines during development of 
adrenergic blockade by dibenamine(4). It is 
conceivable that the FFA response to phen- 
tolamine is one manifestation of a rebound 
transient increase in adrenergic activity. 

Summary. 1) Nine human subjects were 
given phentolamine (Regitine®) infusions to 
observe the effect upon plasma FFA levels. 
2) There was a consistent abrupt rise in ve- 
nous FFA levels ranging from 100-500 pm/1 
without blood glucose changes. FFA _ val- 
ues remained higher 1 hour after infusion. 3) 
The mechanism of this phentolamine effect on 
lipid metabolism is not known. 


We thank Dr. William E. Wagner, Ciba Pharma- 
ceutical Products, Inc., for generous supply of Regi- 
tine® used. 
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Relationship Between Ribonuclease and Certain Anionic Polymers in 


Utilization of Mevalonic Acid by Liver Homogenates.* 


(25591) 


LEeMvuEL D. WricHut, Marcia LoEB AND ROSEMARIE HANSON 
Graduate School of Nutrition, Cornell University, Ithaca, N. Y. 


Preincubation of essentially whole homoge- 
nates of rat liver with crystalline ribonuclease 
(RNAse) abolishes capacity of these homoge- 
nates to convert mevalonic acid (MVA) into 
non-saponifiable material (NSF) or cholester- 
ol (CHL). Control homogenates similarly 
preincubated ordinarily retain the capacity for 
biosynthesis(1). Inability of RNAse-treated 
homogenates to utilize MVA is associated 
with absence of ATP in these preparations. 
Homogenates preincubated with RNAse and 
an autoclaved liver extract (ALE) previously 
treated with an anion exchange resin to remove 
residual ATP maintain a level of ATP and 
convert MVA to NSF and CHL (2). Evidence 
has been presented for existence in these heat- 
ed liver extracts of a factor concerned with 
maintenance of a functional level of ATP in 
homogenates, presumably involving oxidative 
phosphorylation(3,4), and a tentative mech- 
anism for explaining the experimental data 
has been proposed (2,5,6). Allfrey and Mirsky 
have previously described a possibly some- 
what similar system involving isolated thymus 
nuclei which when pre-treated with deoxy- 
ribonuclease lose capacity to convert amino 
acids into protein or purine and pyrimidine 
precursors into nucleic acids. The treated nu- 
clei are devoid of ATP but the synthetic ca- 
pacity is retained on preincubation with DNA 
or may be established by addition of DNA 
after inactivation. Activity is not confined 


* Supported by Research Grants from Nat. Science 
Fn. and N.I.H. and by funds through State Univ. of 
N. Y. We are indebted to Dr. V. G. Allfrey, Rocke- 
feller Inst., and to Dr. J. H. Flokstra, Upjohn Co., 
for samples of polyethylene sulfonate. 


to DNA, however, and RNA as well as a 
number of anionic polymers substitute for 
DNA(7,8). It is our purpose to point out 
that DNA and certain anionic polymers have 
an effect similar to the factor of ALE in the 
liver homogenate system and that these ani- 
onic polymers, but not ALE, are also inhibi- 
tors of RNAse. A conclusion that all anionic 
polymers necessarily function in the same way 
in maintenance of ATP levels in tissue may 
not be justified. 

Methods and material. The experimental 
procedures involved in biosynthesis of NSF 
and CHL from MVA by rat liver homogenates 
have been described(9). In brief, cooled liver 
from young rats is homogenized quickly in 
“loose” homogenizer with nicotinamide-phos- 
phate-magnesium buffer and centrifuged at 
slow speed to remove connective tissue. This 
essentially whole homogenate is dispensed into 
flasks containing ATP, DPN, succinate and 
RNAse where indicated, as well as various 
materials or combinations of materials to be 
studied with respect to biosynthesis of NSF. 
The flasks are aerated with a stream of oxy- 
gen, stoppered, and preincubated with agita- 
tion. Following preincubation MVA-2-C4 js 
added to each flask, aeration is repeated and 
flasks reincubated. Then contents of flasks 
are saponified, extracted with petroleum ether, 
extracts dried with sodium sulfate, filtered, 
evaporated, taken up in scintillation mixture 
and counted. The results given are in terms 
of cpm/incubation flask. Details of procedure 
are essentially as described previously. Despite 
use of nicotinamide as inhibitor of DPNase 
in the homogenizing buffer, DPN  some- 


BIOSYNTHESIS OF CHOLESTEROL 


4 


times is limiting in the system employed. For 
this reason it is recommended that a level of 
10 mg/flask rather than 1 mg previously de- 
scribed be used The various polymers were 
studied after solution in water with neutraliza- 
tion or solution in buffer. The appropriate 
controls contained by corresponding amount 
of water or buffer. Heparin and DNA were 
commercial preparations. Several samples of 
polyethylene sulfonate (PES) were used in- 
cluding material with molecular weights of 
27,600, 12,900 and 5,700. ALE was pre- 
pared by treating fresh guinea pig liver in the 
cold with twice its weight of water in Waring 
Blendor for about a minute. The brei was then 
autoclaved at 105 - 110° for 20 min and the 
mixture cooled and centrifuged at 10,000 x g 
for 20 min. Determinations of RNAse activity 
were done essentially by procedure of Kunitz 
(10) as modified by Zollner and Fellig(11) 
which depends upon the fact that when RNAse 
bydrolyzes RNA there is a decrease in absorp- 
tion at 300 mu. The substrate RNA solution 
was prepared by dissolving 25 mg commercial 
yeast RNA in 25 ml of 0.1M, pH 5.0, acetate 
buffer. The RNAse solution was prepared by 
dissolving 2 mg crystalline RNAse in 200 ml 
of water. In a typical experiment 2 cuvettes 
were prepared as follows: control cuvette, 1 
ml RNA solution and 1.5 ml water; RNAse 
cuvette, 1 ml RNA solution and 0.5 ml of 
water. The cuvettes were placed in Beckman 
DU spectrophotometer and with the control 
cuvette in position, the instrument was arbi- 
trarily adjusted to read an optical density of 
0.175 at 300 mp. One ml of RNAse solution 
was then added to the RNAse cuvette and 
relative optical density of this cuvette de- 
termined at intervals over 10-15 min. Ordi- 
narily the instrument stayed in balance but 
- on occasion it became necessary to make min- 
or adjustments so that the control cuvette 
maintained an apparent optical density of 
0.175. Where various materials were studied 
for effect on RNAse activity they were added 
in 0.5 ml to each cuvette at the expense of 
water. Each experiment then involved a 
rapid series of determinations with a pair of 
cuvettes both containing same amounts of 
RNA and water or aqueous solution of ma- 
terial to be examined while one contained in 
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TABLE I. Biosynthesis of NSF as Influenced by 
Preincubation with Various Materials. 


NSF, 


Exp. RNAse* epm 


1 


Supplement 


None 6852 
Z 1138 
6811 
5368 
1445 
DNA, 1mg 3498 
xg 10 5430 
1636 
3489 
8415 
293 
8461 


Liver extract, 5 ml 


bo 


None 
” 


None 


” 


Pee) Pee poeceee [ore || 


PES, 1 mg added prior to 
preincubation 

3 Idem 7969 

5 ie 7416 

10 z 6861 

iL “ 8222 

3 a 8126 

5 ae 7370 

10 x 7185 
10 mg following pre- 6938 

incubation 


10 Idem 7112 
None 7787 
so 630 
— Heparin, 1 mg added prior to 7438 
preincubation 
Idem 


| ++4++4+] | | 


+ 


7516 
7782 


H 
Ae oS oO 


10 a 7330 


10 mg following pre- 
ineubation 


Idem 


tore 


2 10 


* RNAse where used was present at a level of 2.5 
mg/flask. 


addition 10 y of RNAse. Suitable controls 
demonstrated that the RNAse solution main- 
tained full activity during experiments. In 
experiment involving ALE as substrate 1 ml 
of this material replaced the 1 ml of RNA so- 
lution used in the other RNAse experiments. 

Results. The results of a number of repre- 
sentative biosynthetic experiments are sum- 
marized in Table I. RNA, DNA, heparin, 
and PES are effective in preventing inactiva- 
tion of MVA utilization, accomplished by pre- 
incubation of essentially whole homogenates 
with RNAse. RNA is markedly less active 
than the other polymers, as expected, since 
it is the natural substrate for the enzyme 
RNAse used to inactivate the system. Both 
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heparin and PES, the 2 “unnatural” polymers 
studied, are as active in “reversing” RNAse 
inactivation, 7.e. on addition after preincuba- 
tion rather than before, as they are in pre- 
venting inactivation in the first place. 

A previous paper reported that RNA is in- 
active in the liver homogenate system. Re- 
sults of an experiment summarized in Table 
II afford an explanation for this apparent dis- 
crepancy. RNA and DNA were compared 
each at a level of 5 mg/flask against various 
levels of RNAse. It is apparent that at a 
marginal level of RNAse, RNA is active in 
the system while at high levels of RNAse, 
RNA is essentially inactive. DNA, since it 
is not influenced by RNAse, is equally active 
at all levels of the enzyme. It appears that 
for valid determinations of activity materials 
should be examined against a marginal level 
of RNAse. 

PES, heparin, and DNA are active in that 
order as inhibitors of RNAse (Fig. 1). Half 
maximum reversal of RNAse is obtained with 
about 2.5 y PES, 12.5 y of heparin and about 
50 y per cuvette of DNA. In the latter in- 
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FIG. 1. Influence of various anionie polymers, 


ATP, or ALE on activity of RNAse. 


TABLE IT. Biosynthesis of NSF as Influenced by 
Preincubation with RNA and DNA at Various 
Levels of RNAse. 

RNAse, mg 


Supplement NSF, epm 


0 None 5790 
5.0 My al 
0 RNA, 5 mg 5482 
2.5 Idem 465 
5.0 3 31 
10.0 oS 24 
0 DNA, 5 mg 5569 
P43) Idem 6634 
5.0 fe 6475 
10.0 ge 4745 


stance complete reversal of RNAse is not ob- 
tained with any level of DNA. Since each 
cuvette contained 10 y of RNAse it is ap- 
parent that inhibition ratios for one-half maxi- 
mum activity vary from about 0.25 with PES 
to about 5 for DNA. As indicated by Exp. 4, 
ALE does not influence RNAse activity at a 
ratio of 1 ml/10 y of RNAse. Samples of 
ALE examined in this assay were previously 
shown to ‘be active in preventing RNAse in- 
activation of MVA utilization in the homoge- 
nate system. The data of Exp. 5 show that 
the ALE does not contain amounts of RNAse- 
sensitive material detectable by this proced- 
ure. RNAse is not sensitive to relatively large 
amounts of ATP as indicated by Exp. 6. 


Discussion. Results of biosynthetic studies 
demonstrate that the presence of certain poly- 
mers prevents or reverses inactivation of MVA 
utilization that is accomplished by preincuba- 
tion with RNAse. It should be recalled thai 
amounts of RNAse required to accomplish 
this inactivation are relatively large. Never- 
theless in these experiments biosynthesis usu- 
ally occurs when polymer to enzyme ratios of 
around 1 are used. In in vitro experiments 
RNAse inactivation occurred with polymer to 
enzyme ratios of 0.25 to 5 depending upon 
the polymer. As far as ALE is concerned, 
weight ratios are not applicable because of 
the crude state of the active component but 
5 ml of extract ordinarily permits MVA utili- 
zation in presence of 1-5 mg of RNAse, a 
volume to weight ratio of about 1-5. ALE 
did not influence RNAse activity in the in 
vitro system at a level of 1 ml to 10 y (0.01 
mg) of RNAse, a corresponding volume to 
weight ratio of 100. Since anionic polymers 
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appear to have essentially the same activity 
against RNAse in the 2 systems it is quite 
reasonable to suggest that the effects on bio- 
synthesis may be attributable to RNAse in- 
hibition. It will be recalled, however, that the 
“unnatural” polymers reverse RNAse inacti- 
vation as well as prevent it. This observation 
suggests, but does not necessarily prove, that 
they function in a positive way by fulfilling a 
requirement of the system rather than by in- 
hibiting RNAse. On the other hand, ALE is 
inactive against RNAse in vitro. It is difficult 
to see how its effect in biosynthesis can be 
explained on the basis of RNAse inhibition. 

Summary. Liver homogenates preincu- 
bated with RNAse, in contrast to controls, 
do not incorporate mevalonic acid into non- 
saponifiable material or cholesterol. This 
inactivation by RNAse is preventable or re- 
versible with an autoclaved extract of liver 
or with certain anionic polymers including 
polyethylene sulfonate, heparin, DNA and 
even RNA. The polymers also inactivate 
RNAse in vitro at comparable ratios of in- 
hibitor to enzyme used in the biosynthetic ex- 
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periments. Inactivation of RNAse in vitro 
is not observed, however, with comparatively 
high levels of liver extract. It is concluded 
that liver extract does not function in the 
homogenate system merely by inactivation of 
RNAse but this interpretation may be applic- 
able to the anionic polymers. 
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(Introduced by R. J. Huebner) 


Depts. of Microbiology and Veterinary Science, University of Maryland, College Park 


Hemagglutinating activity for Japanese B 
encephalitis, one of the arthropod-borne group 
of viruses, was first reported in 1950(1). Sub- 
sequent work revealed that other members of 
this group of viruses also agglutinate erythro- 
cytes(2-5), and methods for hemagglutina- 
tion-inhibition (HI) tests were developed con- 
currently. Information, other than from this 
laboratory (6), on use of the HI test for clini- 
cal and epidemiological studies of eastern 
equine encephalomyelitis (EEE) has been 
found in only one instance. Groot et al.(7) 
testing human sera for EEE found none to be 
positive for either HI or neutralizing anti- 

* Scientific Article No. A792. Contribution No. 
3060 Maryland Agr. Exp. Staticn (Dept. of Vet. Sci.). 


bodies. The experiments reported here were 
designed to compare use of HI and neutraliza- 
tion tests in detecting the immunological re- 
sponse of horses experimentally infected with 
EEE virus. 

Materials and methods. The EEE virus 
used was the V-52 strain, isolated from a na- 
turally infected horse in Maryland in 1956. 
The strain had undergone 17 mouse brain pas- 
sages prior to inoculation of the horses. The 
4 young horses used for experimental work 
were obtained locally from non-enzootic areas. 
Three horses (#126, #127, #128) were inocu- 
lated intradermally and one (#115) was ino- 
culated subcutaneously with a virus suspen- 
sion containing approximately 10° mouse 
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TABLE L. Serological Response of Horses Experimentally Infected with HEE Virus. 
Horse 115 Horse 126 Horse 127 Horse 128 
Neutraliza- Neutraliza- Neutraliza- Neutraliza- 
Time HI tion index HI tion index HI tion index HI tion index 
post-inoe. titer (logio) titer (logio) titer (logo) titer (logo) 
0 ING << N KG N <ol N <i) 
5 days 40t a 10 ] 20 y 20 a 
7 20 80 % 40, a 
10 1280 1.4 
14 € 2.4 320 1.9 320 pal 320 Md 
4 wk 320 Bye} 40 2.8 80 2.4 80 222 
2 mo 160 oo @ 2.6 4% fa * 2.4 
4 uy By i 2.9 40 Oeil, 40 2.3 
6 3.6 s Sell ‘ 3.4 
9 a 3.3 20 2.7 iS BuO 
12 40 3.6 160 Bee 


* No inhibition at 1:10 dilution of serum. 


t Reeiprocal of highest serum dilution causing complete inhibition. 


LD; 9’s. Serum was collected at various inter- 
vals listed in Table I. Neutralization tests 
were performed by combining equal amounts 
of undiluted serum and serial 10-fold dilutions 
of virus. Following incubation of serum-virus 
mixtures for 2 hours in 37°C water bath, 3- 
week old Swiss mice were inoculated intra- 
cerebrally. The inoculum was 0.03 ml and 
5 mice used for each serum-virus mixture. 
Mice were observed for 10 days, and 50% 
mortality endpoints were calculated by the 
method of Reed and Muench(8). Appropri- 
ate controls were included and results reported 
as the logy) of neutralization index. Hemag- 
glutinin was prepared according to the method 
described by Chanock and Sabin for WEE(3) 
with following modifications. The mouse brain 
suspension was made in pH 9.0 boratet and 
was given a single centrifugation at 4000 rpm 
for 30 min at 4°C. The hemagglutination 
(HA) titration and HI tests were conducted 
according to method described by Clarke and 
Casals(5). Day-old chick erythrocytes were 
suspended in a diluent+ which when combined 
with equal amounts of pH 9.0 borate yielded 
a final pH of 6.3. Sera were extracted twice 
with acetone and the dried precipitate resus- 
pended in pH 9.0 borate to yield an initial 


t Boric Acid Stock Solution: 0.2M H.,BO.; 0.2M 
KCl in 0.12M NaCl. pH 9.0 Borate: Stock solution: 
100 ml; 0.2N NaOH: 42.6 ml; qs to 400 ml with 
0.12M NaCl. 

t To prepare 1 liter of diluent, combine 100 ml of 
1.5M NaCl with 70 ml of 0.05M Na,HPO,, and 151.5 
ml of 10M NaH.PO,, and qs to volume with de- 
mineralized water. 


1:10 dilution. Further dilutions were carried 
out in 2-fold steps to a dilution of 1:5120. 
Results are reported as the highest dilution of 
serum giving complete inhibition of hemag- 
glutination. 

Results. Results of serological tests on 4 
experimentally infected horses are shown in 
Table I. None of these horses had significant 
EEE neutralizing or HI antibody prior to 
their inoculation, and clinical disease did not 
develop in any exposed animals. Evidence 
of infection was measured by appearance of 
HI antibody which became detectable the 
fifth day after inoculation in all 4 horses, 
whereas neutralization tests on these same 
sera failed to yield any significant antibody 
levels. It appears from Table I that signifi- 
cant levels of neutralizing antibody, i.e., neu- 
tralization index of = 50, were attained be- 
tween 7th and 14th days. The HI titers of 
the 7-day sera available from 3 horses showed 
a 2-fold or greater increase over the 5-day 
sera, and by the 14th day had reached their 
maximum values. The HI titers began to de- 
cline after 14th day but were still detectable 
one year after inoculation, though at a low 
titer. The level of neutralizing antibody, on 
the other hand, reached its maximum level 
several months post-inoculation, the time 
varying with each horse. In contrast to the 
HI titers, high levels of neutralizing antibody 
persisted for at least one year. 

Results of HI tests performed on sera from 
survey horses and ponies having significant 
neutralizing antibody levels are shown in 
Table IT. 
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TABLE IT. HI Test Results on Equine Sera Con- 
taining Significant EEE Neutralizing Antibody 
Obtained 8 or More Months Following an Epizootie. 


Serum HI titer with varying 


Neutralization units of antigen 

index (logo) 2 4 8 
2.6 N* N N 
3 320t 80 40 
2 N N N 
2.1 N N N 
2 10 N N 
3 N N N 
25) N N N 
2.0 320 160 80 
igi 80 40 10 
2.5, M 20 
2.7 160 80 4() 
2.9 ap 40 N 
2.2 40 N N 
2.8 HY 


* Negative at 1:10 serum dilution. 
+ Reciprocal of highest serum dilution causing 
complete inhibition. 


Note: These sera were collected in areas of 
Maryland and Virginia where EEE was known to 
have oceurred the previous year. Fifty-nine of the 
73 sera tested had no measurable HI or neutraliz 
ing antibodies. 


Discussion. Early detection of HI anti- 
bodies reported here is in agreement with find- 
ings of other investigators studying other 
arthropod-borne encephalitides(3,9,10). The 
HI test, therefore, is particularly well-suited 
for serodiagnosis of EEE since high mortality 
in this disease usually precludes the oppor- 
tunity to obtain second serums with which an 
increase in antibody titer can be demon- 
strated. Unpublished results of more exten- 
sive use of the HI test in a recent EEE epi- 
zootic in the Middle Atlantic states further 
supports the latter observation. The problem 
of cross-reactions of EEE with other members 
of Group A Arbor viruses could conceivably 
be a problem in areas where other members 
of the group are prevalent. This would not 
be a serious problem in the U.S.A. where EEE 


TABLE III. Results of Laboratory Tests Used to 
Diagnose EEE in 3 Horses. 


Serology* Examination of brain 
Neutralization Virus Histo- 
index (logy) HI titer isolation pathology 
1.8 1:640 Yes Pos. t 
1.3 a No ? 
il 1:2560 Yes é 


* Serum specimen obtained during acute stage of 
(disease within 24 hr of death. a 
+ Lesions characteristie of viral encephalitis. 
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and WEE are the only Group A members 
known to occur at present. Further, these 2 
agents do not crossreact to a high degree(12, 
13) 

The fact that none of the experimental 
horses developed clinical EEE may be attrib- 
uted to several factors. Results of epidemio- 
logical surveys indicate that many horses un- 
dergo subclinical infections with EEE virus. 
Furthermore, other investigators(11) found 
that only 5 of 13 horses inoculated with EEE 
virus succumbed to clinical infection. The 
possibility also exists that the pathogenicity of 
this EEE virus strain for the horse was re- 
duced by the number of mouse brain passages. 

Summary. 1. Four horses inoculated with 
EEE virus remained asymptomatic following 
injection but did develop measurable HI and 
neutralizing antibodies as a result of infec- 
tion. HI antibodies were detectable earlier 
than neutralizing antibodies but the levels 
tended to drop more rapidly. 2. Of 14 horses 
and ponies having significant levels of neutra- 
lizing antibody, 5 to 9 had measurable HI 
antibody depending on number of units of an- 
tigen employed in the test. 3. Sera from 3 
clinical cases of EEE were positive on the HI 
test while only one of these animals had a sig- 
nificant neutralizing antibody level. 
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Evaluation of Infection-Enhancing Activity of Modified Corticoids.*! 
(25593) 


J. K. FRENKEL 
Dept. of Pathology and Oncology, University of Kansas School of Medicine, Kansas City, Kan. 


Although the effects of corticoids concern- 
ing inflammation, glycogen deposition and so- 
dium retention are commonly investigated, the 
important side-effects on infection(1) have 
not been studied systematically. It will be 
shown here, that by corticoid treatment in 
hamsters, acquired resistance to Besnoitia, an 
obligate intracellular protozoan(2), is easily 
abolished, resulting in fatal relapse of chronic 
infection. The speed with which relapse oc- 
curs is proportional to dose of corticoid em- 
ployed. Infection-enhancing activity of a 
number of modified corticoids has been evalu- 
ated by means of this system. 

Materials and methods. A. Infection. Bes- 
noitia jellisoni was originally isolated from 
white-footed mice, Peromyscus maniculatus 
artemisiae, found naturally infected at upper 
Salmon River, Idaho(2). Cyst-forming ca- 
pacity of the organism was eliminated by 
rapid passage (twice weekly) in peritoneal 
cavity of mice. The strain is now beyond its 
550th passage. Six to 8 week old Golden ham- 
sters, Mesocricetus auratus, of random-bred 
stock, are infected subcutaneously with peri- 
toneal exudate containing a few thousand 
Besnoitia. To permit development of resis- 
tance with persistence of infection (premuni- 
tion), hamsters are treated for 4 weeks with 
sodium sulfadiazine in drinking water, at 90 
mg% for females and 180 mg% for males. 
(Fed on Purina Lab Chow only, at tempera- 
tures 70-80°F, adult female hamsters drink 
approximately 10 ml daily, but males drink 
only 5-6 ml.) They are tested for resistance 
by reinfection, subcutaneously, and virtually 
all animals survive, although they may de- 


* Supported in part by research grant from Nat. 
Inst. Allergy and Infect. Dis., N.I.H., P.HS. 

+ Grateful appreciation is expressed to the follow- 
ing for supplying stercids: Drs. C. H. Demos of 
Lederle Lab., W. E. Dulin and J. A. Hogg of Upjohn 
Co., J. Fried of Squibb Institute, E. Henderson of 
Schering Corp., H. J. Robinson and R. H. Silber cf 
Merck Inst. 


velop endophthalmitis(3) and signs of chronic 
encephalitis(2). After another 3 or 4 weeks 
they are ready for assay of corticoids; only 
those few animals showing progressive en- 
cephalitis with weight loss are eliminated from 
the test. For comparative experiment Toxo- 
plasma gondii (RH strain) is used in similar 
manner to produce chronic infection in ham- 
sters. As a rule sulfadiazine treatment has 
to be given intermittently for 2-3 months till 
chronic latency has been achieved(4). B. 
Steroids. The following corticoids were used 
(numbers and abbreviations refer to Fig. 2): 
1. cortisone acetate (Eac); 2. hydrocortisone 
(F); 3. prednisolone (A'F); 4. prednisolone 
acetate (A' Fac); 5. 2-methyl-9-a-fluoro hy- 
drocortisone acetate (2Me 9F Fac); 6. 6- 
methyl prednisolone (6 MeAt F); 7. 16-a- 
hydroxy-9-a fluoro-prednisolone (triamcino- 
lone, 16 OH 9FA! F); 8. 9-a fluoro-predniso- 
lone (9 FA! F); 9. triamcinolone acetonide 
(acetaldehyde derivative, 16 OH 9 FA! F 
actnd); 10. 16-a methyl-9-a fluoro-predniso- 
lone (dexamethasone, 16 Me 9FA! F). Ad- 
ditional steroids are listed in Table I. C. 
Tests. After grinding in ground glass homo- 
genizer, compounds were administered sus- 
pended in aqueous vehicle containing .5% so- 
dium carboxy-methylcellulose, .4% _ polysor- 
bate 80 (Tween), .9% sodium chloride and 
-9-1.5% benzyl alcohol. However, A! Fac 
was used as supplied in aqueous vehicle con- 
taining .5% phenylethyl alcohol and .01% 
benzalkonium chloride. Graded doses at 2-4 
levels were injected subcutaneously, once 
daily, 6 times weekly. Generally 4-6 ham- 
sters were used/dose level; identical groups 
in repeated tests were combined for computa- 
tion of means. Fatal relapse results from con- 
fluent pneumonia with focal necrosis or from 
acute encephalitis. Commonly, there is pro- 
liferation of Besnoitia at sites of corticoid in- 
jection(5); the number of deposits provides 
an estimate of drug insolubility. Specificity of 
lesions is checked by impression smears, which 
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HAMSTERS 
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DRUG Dose ya. 


Le 128, 184, 248, 
358, 481 


“A 161, 346 


UNINFECTED 


BESNOITIA 


TOXOPLASMA 
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DAY of DEATH 


FIG. 1. Effects of cortisone (Kac) and predniso- 
lone (A* Fac) on uninfected hamsters and on ham- 
sters with chronic Besnoitia and Toxoplasma infee- 
tion. Ordinates represent No. of animals (out of 6) 
surviving at each dose level. Note rapid and uni- 
form mortality in hamsters with Besnoitia infec- 
tion and treated with large doses of either corti- 
coid. Also note that lower doses of corticoids will 
result in death at irregular and widely dispersed 
intervals (day of death beyond 80 given in numer- 
als). 


show numerous crescentic Benoitia organisms, 
visible at magnifications of 200-500, following 
Giemsa staining, clearing and mounting with 
a coverslip. 

Results. A. Corticoid sensitivity of nor- 
mal hamsters, and of hamsters with chronic 
Besnoitia or Toxoplasma infections (Fig. 1). 
It is apparent that infected hamsters are more 
sensitive to corticoids than uninfected ones. 
Administration of 2000 pg of Eac daily re- 
sulted in death after an average of 11 days for 
Besnoitia-infected, 22 days for Toxoplasma- 
infected and 35 days for uninfected hamsters. 
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Resistance to Besnoitia was consistently more 
sensitive to cortisone than resistance to Toxo- 
plasma. In similar doses, At Fac was more 
effective than Eac in bringing about death of 
hamsters, whether infected with Besnoitia or 
not. Specific organisms could generally be 
found in the lung or brain lesion of infected 
hamsters. However, when death was delayed 
beyond one month, other lesions often oc- 
curred, such as caused death of “uninfected” 
animals. These lesions included: phagedenic 
ulcers (30%) originating from bites, sites of 
corticoid injection, or from large brown fat 
pads; enteritis with peritonitis (20%); men- 
ingitis (9%); liver or spleen abscesses (9%) ; 
and dissecting aortic aneurysms that had rup- 
tured (11%). Bacteria that were cultured 
included coliforms, Proteus, Mima, Staphylo- 
coccus and diphtheroids. With higher corti- 
coid dosages relapses of Besnoitia infection oc- 
curred within a few days in second or third 
week. It is this period that appeared to be 
most useful for assay purposes. 

B. Dose-response curves for natural and 
modified corticoids and derivation of potency 
ratios (Fig. 2). The mean days of death at 


Potency Ratio 


E ac 
F 
NG 

CoP ac 

2 Me 9F F ac 
6 Me OF 
16 OH 9FOF 

9F QM Fac 

9 IGOH9FA F actnd 

10 |6Me9FA F 


ay) LOU ae 
ONOMNPWNON 


mg. 
Daily 


1 ees 
30 40 60 80 


Mean Day of Death 
FIG. 2. Relapse of chronic Besnoitia infection in 
hamsters. Dose-response lines for 10 corticoids are 
identified by numbers. Both dose and time are 
charted logarithmically. Potency ratios for 12th 
day are given in inset. 
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TABLE I. Poteney of Corticoids Relative to En- 

hancement of Besnoitia Infection in Hamsters. 

Tissue solubility was estimated from the number 
of steroid deposits remaining. 


Enhance- Solubility in 
ment of — tissue comp. 
Steroids infection to Eae 
DOC (21-OH progesterone) Ons +4 
2-Me-11-OH rs Om —** 
9-F-11-OH as Ome —_ 
6-Me-11-keto- zs 6 + 
6-Me-17-acetoxy- ” 0 ¢t — 
(Provera) 
9, 21-F-21-desoxy F ~1 § — 
9, 21-F-21-desoxy Ai EF ~2 § + 
Kae aif se 
L\* Hace 8 SE 
F il + 
Ai F 1.2 + 
A\' Fae es! 
9-F Fae oll + 
9-F A? Fae 7.0 + 
2-Me F ~ || - 
2-Me 9-F Fac 2.4 = 
6-Me Fac 1155) fb 
6-Me A‘ F Ball +++ 
16-OH-9-F F 1.6 + 
16-OH-9-F A'F 3.8 + 
x actnd 14.0 +++ 
16-Me 9-F A’ F 7.0 + 
* Enhancement of infection tested up to 1 mg/ 


day. 
t Tested up to 1.5 mg/day. 
$+ Tested up to 2 mg/day. 
§ Steep curves, not intersecting 12th day. 
|| Active at 1 mg, not at 200 ug. 
§ +, greater solubility than Eac. 
** __. lesser solubility than Eae. 


2-4 dose levels were plotted logarithmically. 
Dose of drug that produced fatal relapse on 
12th day (mean) was chosen for comparison 
of potency ratios. For hydrocortisone alcohol 
this is 1.3 mg (line 2) which serves as stand- 
ard unit. Relative potency = 1.3/(mg of 
assayed corticoid required to produce death 
on 12th day). Ratios of enhancement of in- 
fection by all steroids tested are compared, 
and indications of drug solubility in tissue 
are given (Table I). 

Discussion. A. Model. Hamsters are the 
most corticoid-sensitive small laboratory ani- 
mal available (unpublished observations) , be- 
ing more susceptible to corticoid “toxicity” 
than mice, rats, and guinea pigs(6). Fig. 1 
relates corticoid sensitivity of infected and 
control hamsters, with 73% of deaths even 
in the latter group accounted for by infection 
with indigenous flora. Similar to man, ham- 
sters secrete hydrocortisone, unlike rats and 
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mice that secrete corticosterone predomi- 
nantly. 

Chronic, latent Besnoitia infection is com- 
parable to chronic tuberculous and fungal in- 
fections of man, which may either relapse, or 
be accentuated in their course by corticoid 
therapy if doses beyond the physiologic range 
are used. Acute and subacute Besnoitia in- 
fection is even more sensitive to corticoids 
than chronic infection utilized here(5). This 
infection system, which has been used for as- 
say of compounds less potent than cortisone 
(7), may be representative of those acute 
viral infections, such as chickenpox and polio- 
myelitis, which are affected adversely by 
large doses of corticoids(1). 


The action of corticoids on certain acute 
bacterial infections has been studied quali- 
tatively(8,9,10) and  quantitatively(11). 
However, excessive inocula resulting in rap- 
idly fatal course were employed. Endotoxin 
effect, where present, may actually be moder- 
ated by corticoids. There is uncertainty as 
to which of a variety of intra- and extracellu- 
lar factors affecting phagocytosis, digestion, or 
antibody mechanisms, are modified by corti- 
coids, or whether their effect is on non-specific 
resistance or acquired immunity, which is un- 
affected in salmonellosis(13). In chronic 
Besnoitia infection organisms persist intracel- 
lularly, antibody is present (unpublished ob- 
servations), and hamsters were shown to be 
immune to challenge. When pharmacologic 
doses of corticoids are given, organisms again 
start to multiply within cells that could previ- 
ously curb this multiplication. Relapse can 
prove fatal to the host in approximately the 
same time as fatality results from primary 
acute infection not treated with sulfadiazine. 
A further indication of the corticoid-sensi- 
tivity of the hamster’s resistance to Besnoitia 
is that chronic infection frequently leads to 
progressive and ultimately destructive adrenal 
involvement, apparently dependent on the en- 
dogenous hydrocortisone produced(5). Corti- 
coid treatment did not affect stable antibody 
levels(14). Since hydrocortisone does not en- 
hance proliferation of Besnoitia in non-im- 
mune hamsters, nor in hamster cell cultures 
(unpublished), and exerts its effect only after 
the presence of immunity had been indicated 
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by resistance to challenge, a direct growth 
stimulation in the complete host, or an effect 
on natural resistance alone, appears unlikely. 

B. Comparison of infection-enhancing ef- 
fects. By definition the Potency Ratios are 
based on amount of corticoid required to pro- 
duce death on 12th day. They have only a 
relative meaning, but are fairly consistent in 
terms of rank relationship. Type of curves 
obtained depends not only on structure of cor- 
ticoid, but also on biological half-life, especi- 
ally solubility and rate of degradation. i6-hy- 
droxylated and methylated compounds have 
been reported to be more active by mouth 
than by subcutaneous administration(15). 
The latter route was used throughout this 
study. 

A 50% mortality end point (LD; 9) in the 
ordinary sense is difficult to derive, since mor- 
tality occurs as a continuum, and there is no 
meaningful break-off point (Fig. 1). If one 
plots mean days of death for a wide dose 
range of corticoids, one obtains a sigmoid 
curve (hyperbolic tangens). Asymptotes are 
present near the maximal obtainable drug ef- 
fect (Fig. 2), limited by speed of biological 
responsiveness, as well as near minimal ob- 
servable effects, approaching natural longev- 
ity. Near central part of curves parallelism 
could be observed. Usually, assays are con- 
ducted in this range. In our model, however, 
the variation in response is too great in this 
segment of curve (cf. Fig. 1, 250 and 500 pg 
Eac) and testing would need to be prolonged. 
In the interest of speed, with but slight varia- 
tion in response, an end point in the second 
week was chosen, although curves are not par- 
allel in this range. This corresponds to a 50% 
mortality end point for the 12th day, LD5o,12), 
‘lethal dose” referring to the corticoid. 

C. Are certain corticoids less apt to en- 
hance infection from a clinical point of view? 
Since glucocorticoid and anti-inflammatory 
activities, when both assayed in the same host 
showed divergent ratios in the highly potenti- 
ated compounds(16,17), there can be little 
doubt that different mechanisms of action are 
involved. Chemical modifications which 
manipulate this divergence and which should 
aid in defining biologic mechanisms of action, 
have been found in the modified progesterone 
and hydrocortisone series(18,19). The possi- 
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bility that mechanisms of infection-enhance- 
ment and of anti-inflammatory activity might 
also differ, suggested that certain compounds 
might have improved therapeutic indices in 
man when anti-inflammatory effect is desired. 
Analysis of this problem necessitates compari- 
son of both activities in either hamster or man. 

Summary. (1) Chronic latent Besnoitia 
infection in Golden hamsters is highly sensi- 
tive to corticoid effects. (2) Fatal relapse 
from renewed microbial proliferation can be 
brought about as early as 6 days after initia- 
tion of corticoid therapy. (3) By assay which 
uses as end point the dose producing relapse 
on 12th day, potency ratios have been deter- 
mined for 22 modified progestins and corti- 
coids. 
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Growth Inhibition and Leg Disorder in Chicks Following Parenteral 


Administration of Hemin and Non-Metalloporphyrins.* 


(25594) 


UNABELLE B. BLAcKWwoop!t AND WILLIAM O. Potiarp (Introduced by M. S. Shorb) 
Dept. of Poultry Husbandry, University of Maryland, College Park 


The major portion of heme in the animal 
body is found as the iron-porphyrin portion 
of hemoglobin. It is also found in molecules 
of some very important enzymes such as cata- 
lases, peroxidases, and cytochromes. In re- 
cent years considerable information has been 
presented concerning synthesis of heme and 
its porphyrin precursors(1,2). It is known 
that many co-factors, such as pyridoxal phos- 
phate (Vit. Bg), coenzyme A (thus panto- 
thenic acid) and others are required to syn- 
thesize heme and porphyrins from succinic 
acid and glycine. It is also known that 2- 
ethyl-5-methylbenzimidazole (EMB) inhibits 
the synthesis of heme in chicken erythrocytes 
(3,4). However, very little is known about 
the metabolic steps or co-factors involved in 
the catabolism of heme or related porphyrins. 
This paper demonstrates that in chick, hemin 
(heme chloride) is unable to reverse inhibition 
of EMB and that hemin itself and non-metal- 
loporphyrins have inhibitory effects resulting 
in growth depression and leg deformity. 

Methods and materials. Day-old chicks of 
the strains and crosses indicated in Table I 
were weighed and distributed into groups of 
18 or 20 of equal average weights in wire bat- 
teries (avg. starting wt. all exp. = 42.4 g) 
and placed on a practical starter ration. They 
were fed ad libitum and a constant light 
source was supplied. Materials used were 
2-ethyl-5-methylbenzimidazole (supplied by 
Dr. Karl Folkers, Merck & Co.); hemin (re- 
crystallized) Eastman Kodak Co.; hema- 
toporphyrin dihydrochloride (recrystallized) 
and protoporphyrin (C.P.), Mann Research 
Laboratories, Inc. In 2 experiments he- 
min was dissolved in 0.1 N NaOH and 
EMB was dissolved in 0.07 N HCl. In 
the remaining experiments, hemin and the 


* Article No. A801; Contributicn No. 3071 of the 
Maryland Agric. Exp. Station. Work supported by 
grant from Nat. Inst. of Arthritis and Metab. Dis. 

+ Present address: Poultry Science Dept., Ohio 
State Univ., Columbus. 


porphyrins were dissolved in 1% NH, 
OH and pH of the solution adjusted to 
7.5 to 8.0 with glacial acetic acid. The vol- 
ume was then adjusted with distilled water so 
that each 0.2 cc contained either 3 or 5 mg. 
Controls consisted of an equal number of 
birds as experimental groups; one group re- 
ceived no treatment, and the other received 
solvent injections. A total of 5 daily injec- 
tions of 0.2 cc were given in the area of loose 
connective tissue between the medial surface 
of the femur and body wall beginning at 2 
days of age. Hematocrits were determined on 
individual chicks at termination of experi- 
ments using standard Wintrobe hematocrit 
tubes. Chicks were weighed individually at 
5, 10, and 15 days after beginning of treat- 
ment in all experiments and also at 21 days in 
3 of these experiments (Table I). 

Results. That hemin has inhibitory activity 
in the chick was found when it was adminis- 
tered with EMB to New Hampshire-Colum- 
bian females to test its reversing ability. Table 


I shows that hemin not only did not reverse 


the small but significant weight depression of 
EMB, but severely depressed growth below 
that of EMB alone. A large proportion of 
chicks which survived EMB-hemin treatment 
developed outwardly bowed legs similar to 
that found in certain nutritional deficiencies 
such as choline, Mn, biotin and others. How- 
ever, birds did not develop “slipped-tendon” 
as seen in classical perosis. Injection of 3 
mg hemin with and without 1.45 mg EMB 
into White Leghorn chicks of both sexes 
showed that hemin alone was as effective a 
growth depressant as the combination of he- 
min-EMB (1-8 day weight gains? : 45.2 g sol- 
vent control; 31.7 g hemin-EMB; 31.1 g 
hemin). Additional experiments (Table I) 
confirmed the indication that subcutaneously 
administered hemin adversely affects chick 


+ Results of preliminary experiment, data not in- 
cluded in table. Four injections given over 8 day 
period. 
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TABLE ® Average 5 Day Period Weight Gains and Leg Disorder Observed in Various Strains 
of Chicks Following Treatment with EMB, Hemin and Certain Non-metalloporphyrins. Mean 
+ 8.E. of difference from control is indicated where calculated. Doses indicated are daily doses 

administered for 5 days, 


Days of exp. ae 
1-5 6-10 11-15 16-21  (%sur- Mortal- 
Treatment g gain/period ==, VIVOES)/ 1ty,9 
New Hampshire-Columbian Females (20 chicks/treatment) 
None 15.9 33.0 60.2 142.8 0 0 
Solvent (HCl) 15.8 35.0 58.2 148.2 0 0 
EMB, 1.5 mg 11.0 +1.21* 30.2+2.01 59.0+259 146.1 + 3.84 0 5 
Idem + hemin, 5 mg 4.6+1.31* 22.38 + 3.01* 51.7 + 4.09t 161.2+5.13 36.0 45 
Vantress-Columbian Males (18 chicks/treatment) 

None 25.8 44.4 84.4 78.9 0) 0 
Solvent (NH,OH) Aifedl 42.5 82.6 80.5 0 0 
Hemin, 3 mg (soe lle | ole SS EO os s= Sy 77.8 + 2.6 0 0 

% bis TS. OSs 3 Ose 17s) TARAS 36" 74.4 + 3.1 0 0) 

Vantress-Columbian Females (18 chicks/treatment) 

None 28.0 43.2 78.2 82.3 0 0 
Solvent (NH,OH) 25.9 1.9 45.8 77.6 75.09 0 0 
Hemin, 3 mg IK Belo Bayi se mail y/syiey Se Baal 74.1 + 3.4 oleh 0 

ee ier Uyeese US Splat Bhiles | ise) eye 69.3 + 3.1 Sore 0 
Hematoporphyrin, 2mg{ 24.4+2.1 31.9+2.7* 661+3.8* 69.5 +7.2 0 0 

White Rock Males (20 chicks/treatment) 
None 27.2 36.2 85.0 0 10 
Hemin, 5 mg 10.3+1.9*% 4634+ 3.4* 71.7 + 4.6* 35.3 15 
White Rock Males (20 chicks/treatment ) 

None 37.8 45.7 67.3 0 0 
Solvent (NH,OH) 34.3 48.1 71.0 0 5 
Hemin, 5 mg Doeleste cee 2Oolet 4.5) iO, ou==10.5ii 33.0 40 
Hematoporphyrin,img 165+2.9* 20.0+5.4* 43.4 + 6.2* 0 45 
IPLOLOPORphy tin, ss 22.9.0 8 S07 423.0 48.0) 0.2 = 29.4 15 


* 0.1%-2.0% level of significance (¢ test). 


t 2.5%-5.0% level of significance (¢ test). 


¢ Group contained 14 chicks. Treatment started day 3. 


growth and leg development. 

Very little difference between 3 and 5 mg 
of hemin was noted in growth depressant ef- 
fect, although 5 mg was considerably more 
effective than 3 mg in producing bowed legs. 
Recovery from hemin treatment, as indicated 
by weight gains at progressive periods, was 
not complete at 15 days (10 days after cessa- 
tion of administration) in any experiment ex- 
cept one involving Vantress-Columbian fe- 
males. 

Experiment 5 showed that protoporphyrin 
has effects similar to hemin with respect to 
growth depression and bowing of legs, and 
that hematoporphyrin (Exp. 3 & 5) depresses 
growth to the same or greater extent than 
hemin and protoporphyrin, but fails to cause 
bowed legs. Hematoporphyrin acted over a 
longer period of time than hemin in each of 2 
experiments in which it was tested.§ This 
was indicated by lower weight gains during 


11-15 day period. 

Bowed legs were found only in females of 
the Columbian crosses. However, this condi- 
tion was not restricted to females since White 
Rock males (Fig. 1) developed bowed legs to 
as great an extent as Columbian cross females. 
Fig. 1 also shows that the left leg appears 
more severely involved, which was noted 
throughout all experiments but was most 
prominent in experiments with Columbian 
cross females in that bowing of legs was con- 
fined solely to the left leg. 

Solvent control injections did not depress 


§ Since manuscript was written, additional experi- 
ments (Pollard, Shorb, unpublished) indicate that 
hemin incites a foreign body reaction at injection site, 
consisting of a walling off of injected substance. 
This precess would make toxicity of hemin of shorter 
duration than porphyrins which do net incite this 
reaction, and also account for longer period of ac- 
tivity of hematoporphyrin and protoporphyrin. 
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FIG. 1. White Rock male 10 days following 25 mg 
hemin treatment. Note outward bowing of legs, 
more severe in left. 


chick growth substantially below that of non- 
treated groups (Table I). Thus dilute HCl, 
NaOH and NH,OH cannot account for the 
adverse effects found in the chicks receiving 
EMB, hemin or the porphyrins. Gains during 
1-10 days with the latter compounds were 
lower than controls regardless of treatment. 

Determinations of hematocrits at both 16 
and 21 days revealed no significant effect of 
hemin or hematoporphyrin on the packed cell 
volume (29.5-32.4%). 

Discussion. This study confirms conclu- 
sively our previous report(5) that parenteral 
administration of hemin and hematoporphyrin 
has adverse effects on chick growth and hemin 
causes an outward bowing of legs. It shows, 
in addition, that protoporphyrin also affects 
chick growth and produces a similar bowing 
of legs. 

The mechanism of hemin, proto- and _ he- 
mato-porphyrin inhibition in the chick is un- 
known. It is evident, however, that the ef- 
fects of hemin cannot be attributed to the 
presence of iron since its metal-free porphyrin 
homologue, protoporphyrin, has similar ef- 
fects. Hematoporphyrin, differing from pro- 
toporphyrin by having 2 hydroxyethyl side 
chains in place of 2 vinyl chains, failed to 
cause bowed legs. The inhibition does not ap- 
pear to involve formed blood elements quanti- 
tatively as indicated by hematocrit, since 
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packed cell volume was not affected. Although 
Vannotti et al.(6) found that protoporphyrin 
administered intravenously into the normal 
rabbit had no effect on hemoglobin synthesis, 
they found it caused a slight increase in liver 
cytochrome c. It is possible that the higher 
levels of hemin and protoporphyrin used in 
this study cause a metabolic imbalance in the 
chick by increasing cytochrome c and that the 
chick is less able to metabolize exogenous he- 
min and porphyrins than mammals. 


Sex difference in leg bowing could not be 
attributed to difference in growth rate or to 
differences in recovery from hemin and, there- 
fore at present, is unexplained. Since the 
bowed leg condition resembles that resulting 
from several nutrient deficiencies, it is possible 
that catabolic breakdown of this additional 
hemin and protoporphyrin requires certain 
metabolites to a higher degree than were sup- 
plied in the diet, thus resulting in nutrient de- 
ficiencies. Or, on the other hand, it may be 
that their presence blocks some metabolic 
step or prevents utilization of available meta- 
bolites. If these hypotheses are true, inhibi- 
tory effects of hemin and porphyrins in the 
chick could serve as a means for studying 
metabolic steps and co-factors required for 
their catabolisms, or for studying other meta- 
bolic processes in the chick. 

Summary. In this study on 2-day old 
chicks the reversing effects of hemin on 2- 
ethyl-5-methylbenzimidazole and growth de- 
pression and leg deformity produced by hemin 
and certain non-metalloporphyrins were in- 
vestigated. Hemin did not reverse the growth 
depressing action of EMB. Hemin and por- 
phyrins, proto- and hemato-porphyrin, caused 
depression of growth below that of controls; 
also, hemin and protoporphyrin caused bowing 
of legs. That the basic porphyrin nucleus is 
the probable cause of this depression and leg 
bowing and not iron imbalance is demon- 
strated by similarity of action of protoporphy- 
rin and hemin. Hematoporphyrin caused 
growth depression but did not produce leg 
bowing. Incidence of bowing was directly re- 
lated to dose. Hematocrits determined at 16 
and 21 days were not affected by treatment. 

1. Wolstenholme, G. E. W., Millar, E. C. P., Eds., 
Porphyrin Biosynthesis and Metabolism, Ciba Fn. 


GLUCOSE CYCLOACETOACETATE ON Liver KETOGENESIS 
+ 


Symposium, Little, Brown and Co., Boston, Mass., 
308 pp, 1955. 

2. Rimington, C., Ann. Rev. Biochem., 1957, v26, 
561. 

3. Abbott, L. D., Dodson, M. J., Proc. Soc. Exp. 
Bior. AND Mep., 1954, v86, 475. 

4. Abbott, L. D., Dodson, M. J., Auvil, D. K., 


559 


Fed. Proc., March 1956, v15, Abs. #674. 


5. Blackwood, U. B., Pollard, W. O., Poultry Sci., 
1959, v38, #5, 1190. 

6. Vannotti, A., Porphyrin Biosynthesis and Me- 
tabolism, 1955, 128, Little, Brown and Co., Boston, 
Mass. 


Received September 28, 1959. P.S.E.B.M., 1960, v103. 


Liver Ketogenesis. II. Role of Glucose Cycloacetoacetate on Ketogenesis 


in Hyper- and Hypothyroid Rats.* 


(25595) 


M. C. NATH AND J. M. KHaAnapre 
Dept. of Biochemistry, Nagpur University, Nagpur, India 


The authors reported that hydrolyzed glu- 
cose cycloacetoacetate (GCA) when added to 
liver slices in presence of pyruvate and acetate 
enormously decreases formation of acetoace- 
tate(1) and increases glycogen(2). Because 
thyroid feeding (reviewed by Barker(3)) 
causes enormous rise in production of aceto- 
acetate in the liver, we attempted to find out 
the role of hydrolyzed GCA in preventing ex- 
cess of ketogenesis in liver induced by thyroid 
feeding. We also studied the effect of thioura- 
cil and the combined effect of thiouracil and 
GCA on acetoacetate formation from lower 
fatty acids in presence of liver slices. Utiliza- 
tion of acetoacetate by kidney slices in dif- 
ferent groups of animals has also been meas- 
ured. 

Method. In view of relatively rapid re- 
sponse of young rats to thyroid and thiouracil 
feeding (4), male albino rats weighing 75 g to 
100 g and growing on standard diet, were 
used. The animals were divided into 6 
groups of 6 rats each and fed the following 
basal diet ad lib. for 6 weeks: 


%o %o 
Wheat flour 10 Salt mixture 5 
Sucrose 49 Yeast powder 4 
Casein 20 Marmite 2 


Groundnut oil 10 Cod liver oil 


Rats in Group I received basal diet and Group 
II basal diet plus freshly hydrolyzed GCA, 
0.8% of diet by weight. Desiccated thyroid 


* The authors record their thanks to the Council 
of Scientific and Industrial Research fer a Research 
Grant. : 


(0.3% of diet by wt) was mixed in diet of 
animals in Groups III and V and thiouracil 
0.3% in Groups IV and VI as these concen- 
trations were effective(Hander,5). Rats in 
Groups V and VI received 0.8% GCA hydro- 
lyzed daily in addition to thyroid and thioura- 
cil respectively. 

Tissue preparation and analytical methods. 
At the end of 6 weeks, animals were stunned 
by a blow on head and decapitated. Liver and 
kidneys were taken out immediately and 
placed in ice-cold saline. Tissue preparations 
were done as described by Umbreit e¢ al.(6). 
Liver and kidney slices were cut with razor 
blade, suspended in conventional Warburg 
vessels containing 3 cc of Krebs’ Ringer Phos- 
phate buffer of pH 7.2. The vessels were 
gassed for 1 minute with oxygen, then incu- 
bated for 2 hrs. at 37.5°C with constant shak- 
ing. Then acetoacetate was estimated from 
media in vessel according to manometric 
method of Edson(7). Liver glycogen estima- 
tions were done by the method of Good e¢ al. 
(8) and blood sugar by that of Hagedorn and 
Jensen(9). GCA, a crystalline product ob- 
tained by condensation of glucose with aceto- 
acetate, was prepared according to the method 
of West(10) modified by Nath et al.(11). It 
was hydrolyzed with 2N HCl for 12 min and 
extracted with ether to remove resinous ma- 
terials formed. Aqueous solution was adjusted 
to pH 7.2 by adding requisite amount of 2N 
NaOH, then fed to the animals. ‘Total fat 
content of liver was extracted thrice with al- 
cohol-ether mixture (1:1). The extract was 
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TABLE I. Body Weight Gain, g/100 g/Week, of Different Groups of Rats. 


GLUCOSE CYCLOACETOACETATE ON LIVER KETOGENESIS 


No. of —————————Period in wk — —. Avg food intake, 
Group animals 1 2 3 4 5 6 g/rat/day 
Normal 6 8 16.1 24.4 32.2 a Miath 45.2 10 
Hydrolyzed GCA fed 6 7 13.2 25.2 37.7 47.7 55.2 10 
Thyroid fed 5 6 12 17.6 19.6 21.6 21.6 15 
Thiouracil fed 6 7 14 20 25 27.5 30 8 
Thyroid + hydrolyzed 6 5 10 14.6 NEI 20.9 21 12.5 
GCA 
Thiouracil + hydro- 6 5 16 14.6 18.6 22.9 24.9 8 


lyzed GCA 


evaporated to dryness and the remaining solid 
reextracted with petroleum ether (40-60° 
B.P.). Petroleum ether was evaporated to 
dryness and amount of dry fat calculated. At 
end of every week, rats were weighed and 
average food consumption in g/day/rat was 
calculated. Urine was tested qualitatively for 
sugar and ketone bodies. 

Results. Blood sugar values (Table IT) 
indicate that hydrolyzed GCA feeding to hy- 
per- and hypothyroid rats, Groups V and VI 
(t = 2.3 and 1.7 respectively) has a hypo- 
glycemic effect when compared to respective 
control Groups III and IV. In normal rats, 
however, it does not seem to affect blood sugar 
level significantly (t = 1.05). 

Carcass lipids(12) and liver glycogen 
are very low in hyperthyroid animals(13, 
14) but feeding of hydrolyzed GCA _ to 
Group V causes a significant increase in 
liver glycogen as compared to Groups III, 
IV & VI. Beneficial effect of GCA on glyco- 
genesis in liver and diaphragm has already 
been reported(2). Feeding of hydrolyzed 
GCA to normal animals (Group IT) increases 
total fats in liver to some extent as compared 
with normal (Group I). 

Gross enlargement of liver and kidney in 


hyperthyroid animals agrees with observa- 
tions of other workers(15,16) and hydro- 
lyzed GCA feeding to these rats (Group V) 
prevents such enlargement. Hypertrophy of 
kidney in hypothyroid rats is also prevented 
by feeding hydrolyzed GCA (Group VI). 
Table III indicates oxygen consumption 
and acetoacetate production by the liver slices 
from different groups. That general metabol- 
ism is accelerated considerably in hyperthy- 
roid animals has already been shown(3). In- 
creased oxygen consumption and acetoacetate 
production in Group III confirm these find- 
ings. In this group, liver produces large 
amounts of acetoacetate though there is some 
increase in utilization by kidney slices (Table 
IV). Acetoacetate produced in Group II is 
significantly less than that in normal rats 
(Group I) and hydrolyzed GCA feeding pre- 
vents excess of ketogenesis by liver slices as 
seen by comparing results of Groups IIT and 
V. Endogenous acetoacetate production in 
kidney is high in hypothyroid rats as observed 
by Mookerjea and Sadhu(17). Lower rate of 
oxygen consumption and acetoacetate produc- 
tion in liver of hypothyroid rats indicates 
slowing of metabolism. Utilization of aceto- 
acetate by kidney slices of animals fed thy- 


TABLE II. Blood Sugar, Liver Glycogen, Liver Fat, % of Tissue Weights (Wet Wt) of Differ- 
ent Groups of Rats. 


Wet wt of tissue, 


Blood Liver g/100 g body 
No. of sugar, glycogen, Liver fat, wt 

Group animals mg/100 ¢¢ g/100 g ¢/100 ¢ Liver Kidneys 
Normal 6 86 + 2 2.18 + .2 3:0) Seo) Se) ae oleh — eae Ae: 
Hydrolyzed GCA fed 6 78 + 3.5 2.14 + 14 4.04 + .28 Slee ole a/c (0s) 
Thyroid fed 5 100+ 3 val se gil 4.3 + .31 Oy sec) Wale (05 
Thiouraeil fed 6 90 + 2 3.0 + .25 4.0 + .28 4.01 + .1 22 + .04 
Thyroid + hydro- 6 83 + 4 I A6h5) sa all 4.4 + .2]1 Neeias idl XG} Se ihe} 

lyzed GCA 

Thiouracil + hydro- 6 80 +3 3.6 + .2 4.4 + .23 4.0- = 12) .82 = .04 


lyzed GCA 
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TABLE III. Oxygen Uptake and Acetoacetate Production by Liver Slices from Different 
Groups of Animals. 
Acetoacetate produced in 
Oxygen uptake in y1/100 mg *ul/100 mg of liver slices, 
wet wt of liver slices in 2 hr wet wt, in 2 hr 
No. of No Butyrate, Acetate, No Butyrate, Acetate, 
Group animals substrate .017M 08M substrate .017M 08M 
Normal 6 230+12 354+15 276+ 20 Ise) Gkvesel() G0) se 318} 
Hydrolyzed GCA fed 6 240+15 365+17 265+ 19 12+ 7 81+ 11 38 + 13 
Thyroid fed 5 280+12 400+ 20 338+18 65 +15 240+16 280 + 25 
Thiouracil fed 6 153 +10 251+15 190+ 12 30 == 11 46 + 12 33 + 6 
Thyroid + hydro- 6 209 +15 386+ 20 283 + 21 Mas Y Meee) Bi ae iil 
lyzed GCA 
Thiouracil + hydro- 6 158+11 190+10 162+ 9 6+ 4 46+ 5 1S 6) 
lyzed GCA 


Krebs’ Ringer phosphate buffer pH 7.2; incubation temp. 37.5°C; oxygen as gas phase. 
* CO, in yl produced after decarboxylation of acetoacetate with aniline citrate. 


roid and thiouracil respectively along with 
hydrolyzed GCA (Groups V and VI) is con- 
siderably increased. 

Traces of sugar and ketone bodies were 
found in urine of animals after feeding thy- 
roid for 3 weeks (Group III). Urine of other 
groups was free from sugar and ketone bodies. 

Discussion. Results indicate acceleration 
of metabolic process in hyperthyroid and re- 
duction in hypothyroid rats as previously de- 
scribed(3). Polyphagia and inhibition of gain 
in weight in hyperthyroidism, is known(18) 
so also the effect of thiouracil 7.e., lower meta- 
bolic rate and retardation of growth as de- 
scribed by Astwood ef al.(19,20). Higher 
rates of acetoacetate production, its utilization 
and oxygen consumption found in hyperthy- 
roid rats can be attributed to increase in me- 
tabolism, while the reverse is true of hypo- 
thyroidism. However, increased rate of en- 
dogenous acetoacetate production by kidney 
slices of hypothyroid animals, also observed 
by Mookerjea et al.(17), cannot be explained 


satisfactorily. 

The significant effect of hydrolyzed GCA in 
preventing ketogenesis and accelerating aceto- 
acetate utilization by kidney slices in differ- 
ent groups is evident from our results. 

Ketogenesis is intimately related to lipo- 
genesis and glycolysis. Thus Lyon et al.(21) 
showed that ketogenesis is inversely propor- 
tional to long chain fatty acid synthesis. 

Liver slices in presence of hydrolyzed GCA 
synthesized fat from acetate at a higher rate 
than in control 7.e., without hydrolyzed GCA 
(unpublished observation). Thus, there is 
every possibility of hydrolyzed GCA acting to 
divert the acetyl-CoA, towards lipid synthesis, 
thereby reducing amount available for its 
condensation to form acetoacetate. 

Summary. Feeding of hydrolyzed glucose 
cycloacetoacetate (GCA) promotes growth in 
normal animals and prevents excess of aceto- 
acetate production by liver slices in normal as 
well as hyperthyroid rats. It accelerates 
acetoacetate utilization by kidney slices in 


TABLE IV. Acetoacetate Used by Kidney Slices. Krebs’ Ringer phosphate buffer pH 7.25 in- 
cubation temp. 37.5°C; oxygen as gas phase. 


Oxygen uptake, u1/100 mg 


kidney slices wet wt of 
tissues in 2 hr 


Acetoacetate, ul/100 mg/2 hr 
by kidney slices 


No. of Acetoacetate, Produced Used 300 yl 

Group animals No substrate 300 pl (without substrate) acetoacetate 
Normal 6 560 + 20 687 + 31 Negligible 84 + 14 
Hydrolyzed GCA fed 6 514 + 16 762 +17 “4 185 + 19 
Thyroid fed 5 658 + 16 917 + 30 15+4 118 + My 
Thiouracil fed 6 459 +17 ayeXO) Se lis) 33 + 4 58 + 15 
Thyroid + hydro- 6 620 + 20 731 + 28 We seo) 147 + 25 
pes tok 530 + 12 630 + 18 8+3 90+ 7 


Thiouracil + hydro- 6 
lyzed GCA fed 
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normal as well as in hyper- and hypothyroid 
rats. Higher percentage of liver glycogen and 
lower blood sugar was found in animals fed 
with hydrolyzed GCA, as compared to their 
appropriate controls. 
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Urinary Excretion of Acid Mucopolysaccharides by Rabbits Injected with 


Chelating Agents and with Chondroitin Sulfate.*t 


(25596) 


WILLIAM S. SMITH AND GRACE P. KERBY 
Department of Medicine, Duke University Medical Center, Durham, N. C. 


Of recent years there has been interest in 
treatment of scleroderma by chelation(1-4). 
The therapeutic efficacy of this approach is 
yet to be established. However the possibility 
of connective tissue being changed by chela- 
tors is intriguing. The present pilot study was 
undertaken in rabbits prior to studying hu- 
mans to see if a change in excretion of acid 
mucopolysaccharides in urine could be de- 
tected following administration of chelating 
agents. Bryant, Leder and Stetten(5) have 
shown quantitation of urinary acid mucopoly- 
saccharides to be a potentially rewarding ap- 
proach to reflection of experimental alteration 
of connective tissue in rabbits, as demon- 
strated by their data on urinary levels follow- 
ing injection of papain intravenously. Their 
observations convey the implicit assumption 


* This work was supported by grants from Nat. 
Inst. of Arthritis and Metab. Dis., U.S.P.H.S., and 
Am. Heart Assn. 


that proteolytic enzyme as administered could 
affect connective tissue extravascularly and 
that chondroitin sulfate presumably released 
from protein binding zm situ could then pass 
intravascularly to the kidneys where it could 
be excreted at least in part in the urine. In 
the present study it is shown that chondroitin 
sulfatet injected in large amounts intrave- 
nously into rabbits resulted in excretion of a 
small proportion but nonetheless a large 
amount of chondroitin sulfate in urine. When 
chelators! were administered extravascularly 
to rabbits, a transient and frequently mild rise - 
in urinary excretion of acid mucopolysaccha- 
rides was noted; time of onset and degree and 


t+ Commercial chondroitin sulfate (General Bic- 
chemicals) of cartilaginous source, containing 15 to 
20% protein. 

${ Disodium EDTA, with and without calcium 
furnished kindly as Endrate by Abbott Research 
Labs., North Chicago, TI. 
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duration of rise was highly variable from ani- 
mal to animal. 

Method. Healthy male albino rabbits were 
used. Weights varied from 1.9 to 2.7 kg at 
time of injection, except the 2 animals receiv- 
ing repeated injections of chondroitin sulfate, 
which weighed 4 kg. Baseline 24 hour urine 
collections were made under toluene on 7-11 
days during 10-14 days preceding injection. 
I. Four rabbits received a single intravenous 
injection of 1000 mg of chondroitin sulfate in 
5 ml saline. 24-hour urine collections contin- 
ued thereafter. At 48 and 72 hours after in- 
jection, 2 rabbits received repeated intra- 
venous injections of chondroitin sulfate, 1000 
mg. II. Three rabbitsS received a series of 3 
subcutaneous injections of Disodium Endrate, 
Abbott, 500 mg in 5 mll|| daily on successive 
days, with production of an intense and hem- 
orrhagic local reaction sometimes with ne- 
crosis. III. Five rabbits’ (Group III A) re- 
ceived 3-10 successive daily subcutaneous in- 
jections of Disodium Calcium  Endrate, 
500 mg in 5 ml,]| without apparent lo- 
cal reaction. Two rabbits (Group III B) re- 
ceived similar injections daily for 10 days and 
simultaneously daily intramuscular injections 
of cortisone (Cortone Acetate, Sharp & 
Dohme), 12.5 mg in 0.5 ml for 10 days, for 
suppression of any inapparent inflammatory 
reaction. In all instances 24 hour urine col- 
lections were continued for about 15 days fol- 
lowing completion of injections. Urine sam- 
ples were held under toluene at 5°C until 
used for analysis. Acid mucopolysaccharides 
were recovered from duplicate 3-5 ml aliquots 
of urine by modification of the method of 
DiFerrante(6). After overnight dialysis 
against running tap water and precipitation 
with cetyltrimethylammonium bromide at pH 
5.0, the centrifuged acid mucopolysaccharide 
complex was resuspended in a small portion 
of the supernate and dissociated from the qua- 


§ Some animals had received Disodium Endrate 
and/or cortisone in a limited series of observations 
about 3 weeks prior to present studies. Baseline 
collections recorded here were made in 10 days im- 
mediately preceding present injections. 

|| Without further 200 X dilution recommended by 
Abbott Research Labs. for intravenous administra- 
tion to humans. 
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0-DAILY 24 HR URINE EXCRETION 
8-24 HR URINE EXCRETION FOLLOWING AN INJECTION 
8-AVERAGE BASELINE EXCRETIONS + 1S D. 


FIG. 1. 24-hr urinary excretions of acid muco- 
polysaccharides in rabbits (Group I) inj. intrav. 
with chondroitin sulfate. 

FIG. 2. 24-hr urinary excretions of acid muco- 
polysaccharides in rabbits inj. subeut. (Group I1) 
with Disodium Endrate (Abbott), (Group III A) 
with Disodium Calcium Endrate (Abbott), and 
(Group IIIB) with Disodium Calcium Endrate 
(Abbott) and Cortone Acetate (Sharp & Dohme). 


ternary amine with an equal volume of salt- 
saturated ethanol. The acid mucopolysac- 
charides were then reprecipitated with 4 vol- 
umes of ethanol and dissolved in demineral- 
ized water for measurement of hexuronic acid 
content by the carbazole method of Dische 
(7). Standard curves and criteria for accep- 
tance were as defined previously(8). Re- 
peated recoveries of 76-89% of 200 pg of 
chondroitin sulfate added to the original urine 
aliquot were demonstrated. 

Results. The acid mucopolysaccharides re- 
covered were entirely similar in metachromatic 
and chromatographic characteristics to those 
described earlier(8) in human urine; exten- 
sive qualitative characterization has been de- 
ferred. 

Fig. I records excretion of acid mucopoly- 
saccharides in urine following single and re- 
peated injections of 1000 mg of chondroitin 
sulfate intravenously. Total excretions of acid 
mucopolysaccharides during the 2-4 days re- 
quired to return to baseline levels following a 
single injection of chondroitin sulfate indi- 
cated excretion of the order of magnitude of 
5-10% of the injected amount. The sharp 
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drop in excretion during 24-48 hour period 
following first injection in the 2 rabbits re- 
ceiving 3 repeated injections indicated the 
probability of a similar pattern of excretion 
in these animals. On completion of the 3 in- 
jections in these rabbits, however, increased 
excretion was maintained in some degree dur- 
ing entire 12-day period of continued observa- 
tion. 


Fig. II summarizes data in animals receiv- 
ing Disodium Endrate and Disodium Calcium 
Endrate subcutaneously. A subsequent in- 
crease in excretion of acid mucopolysacchar- 
ides was noted at some time in all 10 rabbits 
thereafter, but onset and degree and duration 
of apparent response varied greatly from ani- 
mal to animal. There was no significant dif- 
ference in this response in the various groups 
of rabbits despite the fact that Group IT (Di- 
sodium Endrate) exhibited intense local tissue 
injury, Group III A (Disodium Calcium En- 
drate) showed no apparent local reaction, and 
Group III B additionally received cortisone 
for suppression of any inapparent inflamma- 
tory reaction. All animals were handled 
equally on all injection and weighing days. 

Daily volumes and specific gravity of urines 
were the only other parameters measured. 
These did not correlate in any way with lev- 
els of acid mucopolysaccharide excretion. 

Discussion. The sharp rise in urinary ex- 
cretion of acid mucopolysaccharides follow- 
ing intravenous injection of chondroitin sul- 
fate into rabbits confirms the assumption of 
Bryant, Leder and Stetten(5) that a similar 
rise noted by them following intravenous in- 
jection of papain could have been caused by 
elevated level of chondroitin sulfate in the cir- 
culating blood of their rabbits. A comparison 
of quantitative data in the 2 studies further 
strengthens this assumption. In the present 
study, the general order of magnitude of ex- 
creted chondroitin sulfate in urine was 5-10% 
of total amount injected. In the previous 
study (5), serum levels rose by about 700-1100 
pg/ml serum in rabbits weighing 800-1000 g 
and hence with circulating serum volume of 
perhaps 30-40 ml, the total rise in acid muco- 
polysaccharides therefore reflecting appear- 
ance in total circulating blood of an amount 
in the order of magnitude of 20-45 mg. Aver- 


age increase in urinary excretion noted there- 
after by the authors was 3.3 mg. Thus the 
percent excretion in their studies would ap- 
pear to have been of the same order of mag- 
nitude as noted in the present studies where 
chondroitin sulfate was introduced directly 
into the blood stream. The fate of the re- 
maining 90% was not determined. Follow- 
ing 3 successive injections of chondroitin sul- 
fate, urinary excretion no longer returned 
promptly to the baseline in 3-5 days as after 
a single injection but was still somewhat ele- 
vated when urine collections were discontin- 
ued 12 days after the third injection. Levels 
were still 5-fold greater than baseline levels 
one week after the third injection.‘ 


The observation that about 5 to 10% of 
chondroitin sulfate introduced into the circu- 
lating blood of rabbits appeared in the urine 
does not warrant the assumption that elevated 
urine levels necessarily reflect an increased 
blood level of acid mucopolysaccharides. In- 
deed in humans nothing is yet reported re- 
garding the fate of acid mucopolysaccharides 
introduced into the blood stream, other than 
as is apparent that urinary excretions rise 
sharply in patients receiving heparin. Jaques, 
Napke and Levy(10) present the protocol on 
one human subject given heparin intrave- 
nously. This individual showed total meta- 
chromatic activity in urine equivalent to 5% 
of amount injected. 

Introduction of chelating agents subcu- 
taneously in rabbits was followed by a tran- 
sient and frequently mild increase in urinary 
excretion of acid mucopolysaccharides. Al- 
though levels of acid mucopolysaccharides in 
human plasma have been shown to rise non- 
specifically in the presence of inflammation 
(11), the increased urinary excretion ob- 
served here in rabbits did not correlate grossly 
with degree of apparent local tissue injury 


‘| One of each pair of animals was sacrificed at 3 and 
7 weeks, respectively, following either the last or only 
injection of chondroitin sulfate. Histologic examina- 
tion of kidneys and other tissues, using the acridine 
orange fluorescent technic of Hicks and Matthaei(9), 
failed to reveal any unusual accumulations of fluores- 
cent material. Cartilage from the same animals 
fluoresced brilliantly, as described for acid mucopoly- 
saccharides in(9). 
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which ranged from obvious intense injury with 
necrosis to no apparent inflammatory reaction 
and suppression of any inapparent inflamma- 
tion by adrenocorticosteroids. Thus the pos- 
sibility must be entertained that increased ex- 
cretion was related to introduction of chelat- 
ing agents. The observation warrants exten- 
sion of studies to humans where use of chela- 
tors may offer an additional experimental ap- 
proach to a study of factors influencing uri- 
nary levels of acid mucopolysaccharides in 
humans. The mechanism by which chelators 
may have induced an increased level of excre- 
tion in rabbits is not known. Whether the 
same observation of increased excretions holds 
in humans will be investigated. 


Summary. (1) Introduction of chondroitin 
sulfate into the blood stream of rabbits was 
followed by elevated excretion of acid muco- 
polysaccharides in urine totalling 5-10% of 
injected amount over 2-4 days thereafter. Re- 
peated injections were followed by excretions 
which were still 5-fold greater than baseline 
levels one week after third and last injection. 
(2) Repeated subcutaneous injection of di- 
sodium EDTA and disodium calcium EDTA 
into rabbits was followed by a brief and fre- 
quently mild rise in urinary excretion of acid 
mucopolysaccharides; onset, degree and dur- 
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ation of rise varied widely from animal to 
animal. 


The authors are indebted to Harry T. Tully and 
W. J. K. Rockwell for management of daily urine 
collections and injection of rabbits and to Sadie 
Taylor for skillful technical assistance; also to Philip 
Pickett for preparation and special staining of his- 
tologic sections. 
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Howarp L. ANDREWS AND Louis M. Cameron (Introduced by Willie W. Smith) 
Radiation Branch, National Cancer Institute, N.ILH., P.H.S., Dept. of H.E.W., Bethesda, Md. 


It is commonly stated that animals are in- 
capable of detecting high energy radiation 
with the unaided senses but there is some evi- 
dence that it can be sensed under certain cir- 
cumstances. Two individuals who received a 
substantial beta particle dose to the hands re- 
ported a local “tingling sensation” during ex- 
posure. Another individual receiving several 
thousand rads from an electron beam experi- 
enced a burning sensation although there was 
probably no temperature rise greater than 
0.05°C. In animals relatively small doses of 
penetrating radiation have produced later 


avoidance behavior(1) in cats, rats, and mice. 
A direct radiation avoidance has been re- 
ported(2) in albino rats at dose rates of 1-4 
r/minute after a total dose of 360 r had been 
delivered. Our experiments were designed to 
determine whether mice were capable of sens- 
ing the presence of an X-ray beam, and if so, 
whether it was recognized as something suffi- 
ciently unpleasant to be avoided. 

Methods. During each run the test animal 
was in a plastic cage 25 x 9 x 6 cm pierced 
with many small holes to permit free air cir- 
culation. This cage was mounted on a knife 
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edge so that it could tilt freely through a 
small angle as the mouse moved past the cen- 
ter line. An aluminum box surrounded the 
cage to provide uniform enclosure conditions. 
Fresh air was supplied to the enclosure 
through 2 symmetrically placed manifolds 
with many small ports so that an adequate 
flow could be maintained without a strong 
blast. One-half of the enclosure was under 8 
inches of lead which reduced radiation to less 
than 10° of that in the unshielded half. Shield 
and exposure cage were enclosed in a light- 
tight box to eliminate external visual clues 
to the test animal. An electrical contact 
closed when the mouse was in the exposure 
half of the cage. This contact actuated a lin- 
ear potentiometer driven by a synchronous 
motor to put a steadily increasing signal onto 
a strip chart recorder. In a symmetrical en- 
vironment the normal expectation would be 
for 50% occupancy in either half of the ex- 
posure cage. When the animal was in posi- 
tion voltage supplied to the potentiometer was 
made twice the calibration voltage. Fifty per 
cent occupancy would then produce a record 
having segments with twice the calibration 
slope interspersed with segments of zero slope. 
Thus a 50% occupancy record would follow 
in staircase fashion the smooth calibration 
line. Adult mice of NIH strain were used. 
Before each run a calibration was made to es- 
tablish the 50% occupancy slope. Then a 
mouse was put in the test situation for a run 
without radiation. Recording started 5 min- 
utes after the light-tight box was closed and 
continued 30 minutes. During this control 
all machinery capable of providing auditory 
clues was put in operation. A random orien- 
tation around the center line of the vertical 
beam was used to randomize unsuspected au- 
ditory clues. After each run the plastic box 
was thoroughly washed in detergent. If this 
step was omitted the next occupant would not 
divide his time equally between the two halves 
of the box. Five days after the control run 
each mouse was run with radiation at one of 
the nominal dose rates of 50, 100, 170 or 200 
r/minute with 10 animals in each dose rate 
group. All radiations were done with X-rays 
produced at 3 Mev with a Van de Graaff gen- 
erator, at one meter TSD, 
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FIG. 1. Records of occupancy of test cage, with 
and without radiation. Coordinate lines on record- 
ing paper have been lost in reproduction. 

Hae 2. Mean dose accumulation at the 4 dose 
rates, 


Results. Although there were individual 
differences each animal was sufficiently active 
to sample each half of his environment a 
good many times during a 30 minute run. The 
records shown in Fig. 1 are typical. With no 
radiation each animal followed the 50% line 
quite closely, indicating a lack of bias in the 
test environment. 

With radiation the 50% line was followed 
for a few minutes and then each animal began 
to show a preference for the shielded section. 
Each venture outside was short, hence the to- 
tal stay outside was below normal expectancy. 
Although the number of in-out cycles was re- 
duced in the presence of radiation there were 
enough trials in each case to suggest that the 
animal recognized the outside environment 
and found it unpleasant. 

By the time an animal had established a 
preference for the shielded enyironment he 
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had received a substantial dose of radiation, 
and this may have been a factor in reducing 
the activity(3). Thus in Fig. 1 the 98 r/ 
minute animal showed a definite deviation 
from normal expectancy at 9 minutes and 440 
r while the 200 r/minute animal made a choice 
at 2 minutes and 200 r. 


Fig. 2 shows mean normal expectancy, con- 
trol occupancy, and accumulated radiation 
dose for the 4 dose rates. There was, of 
course, no actual dose accumulation for con- 
trols, the values showing what would have 
been received if the beam had been on. In 
each group there is a definite radiation avoid- 
ance, starting after a dose of 300-400 r has 
been received. 


During the last 10 minutes each group ac- 
cumulated radiation at the rate of about 15 
r/minute, independent of dose rate available. 
The 30 minute dose accumulations are sur- 
prisingly similar, being 625, 810, 780 and 830 
r respectively. 

Discussion. Relatively large variations 
might be anticipated in experiments involv- 
ing animal behavior and in general the pres- 
ent data are surprisingly consistent. With no 
radiation, occupancy of the test cage was es- 
sentially symmetrical indicating a nearly clue- 
less environment. At an available dose rate 
of 47.5 r/minute there was increased varia- 
bility in individual responses, some animals 
spending more than expected time in the 
beam. Response patterns suggest an aware- 
ness of a new environmental element without 
recognizing it as unpleasant or threatening. 

At 98 r/minute and above the new element 
is increasingly recognized as unpleasant and 
reaction to it becomes more uniform. At 200 
r/minute the irradiated area was avoided for 
relatively long periods and ventures into the 
beam were short. 
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The present experiments are not adequate 
to establish whether avoidance arises from a 
direct stimulation or is the result of stimula- 
tion by radiation products such as ozone or 
the oxides of nitrogen. An argument against 
a secondary stimulation lies in the relatively 
constant dose, but variable time, at which 
avoidance becomes established. Under the 
experimental conditions equilibrium concen- 
trations of gaseous radiation products should 
be attained very rapidly and_ recognition 
should be equally prompt. 

It appears that the clue to avoidance does 
not lie in the emission of visible light arising 
from fluorescence in the irradiated plastics. 
Control experiments were run with the en- 
closure uniformly illuminated at a level high 
enough to mask any feeble emissions due to 
fluorescence. Avoidance behavior was iden- 
tical with that seen in darkness. 

The fact that avoidance is established at 
about the same dose as in the rat(2) is in- 
teresting but probably fortuitous. 

Summary. . Ability of mice to recognize 
presence of X-ray beam, and to consider it ob- 
noxious, has been investigated. At 50 r/min- 
ute and above there is an increasing avoid- 
ance of the radiation beam. Avoidance may 
be due to presence of ozone and oxides of ni- 
trogen, although this seems unlikely from re- 
sults of controlled ventilation experiments. 
Direct visual clues from fluorescence in the 
plastic cage are not responsible for the avoid- 
ance. 
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Production of Lesions in Guinea Pig Brain by Radon Seeds. 


(25598) 


WitriAM V. TROWBRIDGE AND EARL ELDRED 
Dept. of Anatomy, School of Medicine, University of California at Los Angeles, and the Veterans 
Administration Hospital, Long Beach 


Radioactive seeds have been used for ex- 
perimental production of lesions deep within 
the central nervous system in dogs(1,2,3) and 
monkeys(4). The present work deals with 
the feasibility of extending this technic to a 
smaller animal, the guinea pig, and in particu- 
lar with the tolerance of this animal to im- 
plantation of gold and glass radon seeds in the 
brain. 

Method. Single implantations were made 
with glass-encapsulated radon seeds in 61, and 
with gold-shielded seeds in 17 adult guinea 
pigs. Under ether anesthesia and sterile con- 
ditions, a small hole was bored in the cal- 
varium, and the dura was incised at a site 
which permitted placement of the seed in the 
center of one hemisphere, 5 mm back of the 
frontal pole. The seed was expressed from 
the tip of a lumbar puncture needle by inser- 
tion of a stylet, the needle being withdrawn 
3 mm from its maximum depth to form a 
short channel. Glass seeds were 2 to 4 mm 
in length and 0.5 mm in external diameter, 
with walls of 0.1 mm thickness. Gold seeds 
had walls 0.25 mm thick, a diameter of 0.7 
mm and a length of 2-5 mm. Strengths of 
seeds as measured initially by the commercial 
supplier* ranged to 7.0 mc for glass seeds and 
12.0 mc for gold ones. Each seed was used in 
several animals, strengths at implantation be- 
ing calculated from initial values on the basis 
of a half-life for radon of 3.8 days. No exam- 
ination of the emission was made, but the 
values are probably similar to those given by 
others showing that about 90% of total radi- 
ant energy emitted by gold radon seeds is 
gamma radiation and the rest is beta emana- 
tion, whereas 96% of the emission from glass 
seeds are beta rays(5). Per mc of radon to- 
tal radiant energy from a gold seed is roughly 
only 3% of that of a glass one. Calculation 
from these values indicates that a gold seed of 
1.5 mc emits approximately the same amount 
of gamma radiation as a 1.0 mc glass seed. 


* Henry N. Beets Co., Los Angeles, Calif. 


Fatalities were noted to the nearest 12-hour 
period and survivors sacrificed at one week. 
Lesions were measured at the equator of the 
seed emplacement on Weil-stained sections. 

Results. All but one animal which had re- 
ceived glass seeds of more than 1.5 me died 
within 2 days, and about half of those animals 
in which seeds of approximately 1 mc were 
placed died within one week (Fig. 1). Seven- 
teen of 18 guinea pigs with glass seeds having 
less than 0.75 mc survived beyond 6 days. 
Deaths were particularly plentiful during the 
6 to 18 hours after implantation, and 23 ani- 
mals died during this period. These deaths 
cannot be attributed to causes unrelated to 
irradiation injury, since none of 23 guinea 
pigs which received seeds of less than 0.75 mc 
died in this early period. 


Only 3 of 17 animals receiving gold seeds 
were alive at one week, the seeds in these 2 
having initial values of about 4 mc (Fig. 2). 
Deaths were more scattered in time than fol- 
lowing glass-seed implantation and, though 
animals with stronger seeds tended to die 
within 2 days, only 2 guinea pigs died at the 
12-hour period. 

Discussion. The basic advantage afforded 
by radioactive seeds in making experimental 
lesions in the brain lies in the gentle and grad- 
ual nature of the destruction, wnich permits 
functional compensations vital to the animal 
to be established. Ability of the animal to 
endure the seeds will, of course, depend on 
site of placement. The dog may, for exam- 
ple, survive implantation of glass seeds of 1 
mc if the site is in the cerebrum(4), while in 
the medulla bilateral insertion of seeds ex- 
ceeding 0.015 mc (each) will bring on death 
(3). In the guinea pig, cerebral implantations 
show that doses produced by glass seeds of 
more than 1 mc are not tolerated, and for in- 
surance of survival beyond one week the seed 
strength should be reduced below 0.5 mc. In 
this respect it may be noted that, in terms of 
general susceptibility to ionizing irradiation, 


RADON SEED LESIONS IN BRAIN 


6 ee e 
e 
a 5 
2 
: wuers 
2 GLASS SEEDS 
= 4 
= 
Oo 
= 
& 
nn 
Qa 
ive} 
nn 
SURVIVAL (Days) 
12 ee 
3 © GOLD SEEDS 
ag 10 
5 
2 
= 
= 
co} 
Ss 
[4 
= 
nn 
eo x 
a ex 


>6 


SURVIVAL (Days) 


FIG. 1 and 2. Graphs relating survival in days to 

initial strength in millicuries of glass- and of gold- 

shielded radon seeds. Dots designate spontaneous 
deaths and crosses represent sacrificial deaths. 


the guinea pig is probably no more sensitive 
(MLD3 is 400 to 500 r(6,7)) than other 
laboratory animals. 

Patterns of survival under implantation 
with the 2 types of seeds differ in the high in- 
cidence of deaths with glass seeds within the 
first 18 hours and absence of such early le- 
thality with gold seeds. This contrast is prob- 
ably related to the nature of the radiations. 
Glass seeds emit poorly penetrating beta rays 
which produce an intense lesion concentrated 
about the seed. The early deaths primarily 
result from this beta radiation and not the 
associated gamma rays, judging from the fact 
that gold seeds having gamma emission equal 
to the gamma output of even the strongest 
glass seeds used do not cause early death. 
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Emanation from gold seeds on the other hand 
is comprised largely of gamma rays which 
may produce more diffuse injury and at 
greater distances, including in these small 
brains vital brain stem centers. Although the 
few observations on gold seeds of low strength 
do not permit delineation of the threshold for 
6-day survival with gold seeds, the fact that 
most animals survived with glass seeds of 1 
mc or less indicates that gold seeds of equal 
gamma emission, that is, 1.5 mc and less, 
should not produce death. This value is a 
minimal one as the threshold strength for the 
glass seeds is presumably dependent upon the 
beta radiation, and, in fact, survival of several 
animals with 4 mc gold seeds points to a me- 
dian lethal threshold at about that strength. 
Neither the early deaths with glass seeds nor 
the delayed ones with gold seeds, incidentally, 
correspond necessarily to deaths in dogs fol- 
lowing implantation in the medulla, for these 
occurred only after 6 days(3). 

Glass seeds of strengths permitting survival 
(0.4 to 0.6 mc) were found to produce lesions 
up to 5 mm in diameter in one week. Only 
minor enlargement of the lesion is to be ex- 
pected at longer periods as the effective half- 
life of a radon seed is 3.8 days. Borison and 
Wang, for example, found that 80% of ulti- 
mate size of the lesion was attained by 7 days 
(3). Thus, it appears that glass seeds can be 
used to make rather extensive lesions in ani- 
mals which will survive for at least one week. 
All animals with gold-seed induced lesions of 
significant size, however, died within the first. 
week. 

Summary. Gold and glass radon seeds of 
varying strength were inserted into one cere- 
bral hemisphere of mature guinea pigs and 
duration of survival up to one week observed. 
Animals having glass seeds of greater initial 
strength than 1.5 mc died within 2 days, 
whereas those with seeds of less than 0.7 mc 
survived. As glass seeds of about 0.5 mc pro- 
duce lesions several millimeters in diameter, 
they may be used for short-term experimental 
production of lesions in this small animal. 
Gold seeds, however, cannot be used for this 
purpose. 
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Comparative Passage of Sr*° and Ca? from Plasma into Body Fluids 


in Man.* 


(25599) 


JosEpH SAMACHSON, BERNARD KaBAkow,t AND HERTA SPENCER 
(Introduced by B. A. Sachs) 
Division of Neoplastic Diseases, Montefiore Hospital, N. Y. City 


In vitro studies on comparative ultrafiltra- 
tion of strontium and calcium(1) have shown 
that a lower percentage of strontium than of 
calcium is bound to plasma proteins. How- 
ever, the passage of the 2 elements from 
plasma into cerebrospinal fluid in man oc- 
curred at similar rates(2), indicating that the 
membranes through which the ions pass dis- 
criminate in favor of calcium. In an exten- 
sion of these investigations, transfer of cal- 
cium and strontium across membranes of 
other body cavities was studied and passage 
of both ions from plasma into peritoneal, 
pleural and interstitial fluid was investigated. 

Materials and methods. Transfer of either 
Sr®> alone or of Sr’° and Ca*? from plasma 
into various body fluids was studied in 9 pa- 
tients. The diagnoses of the patients and 
types of studies performed are listed in Table 
I. In patients with ascites in whom a para- 
centesis was indicated, a polyethylene cathe- 
ter was inserted into the peritoneal cavity 
through a No. 14 needle after anesthetizing 
the skin. Ascitic fluid was obtained for 
analyses of protein and calcium by aspiration 
from the polyethylene catheter, the open end 
of the tubing being clamped afterwards. A 
tracer dose of either Sr*° or of Sr®° and Ca*® 
as the chloride was injected intravenously and 
samples of plasma and peritoneal fluid were 


* This study was supported by grant from U. S. 
Atomic Energy Comm. 

t Post-doctoral Research Fellow, 
1957-1958. 
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then obtained serially. The patients were 
kept on a slowly oscillating bed for 4-8 hours 
in an attempt to obtain thorough mixing of 
peritoneal fluid with the radioisotopes. The 
peritoneal fluid was withdrawn 24 hours after 
injection of the tracers, to measure the fluid 
volume. Transfer of calcium and strontium 
from peritoneal fluid into the blood stream 
was studied in one patient by injecting the 
tracers into the peritoneal cavity and obtain- 
ing samples of ascites and plasma as indicated 
above. Transfer of the 2 elements from 
plasma into pleural fluid was also studied in 
2 patients in a similar manner. Comparative 
concentration of radiocalcium and radiostron- 
tium in plasma and _ interstitial fluid was 
studied in a patient with massive edema of 
the lower extremities (Patient 5) following in- 
travenous injection of the tracers. Intersti- 
tial fluid was obtained by Southey tubes in- 
serted into the subcutaneous tissue. Samples 
of plasma, peritoneal, pleural and interstitial 
fluid were analyzed for Sr®°, Ca*®, calcium, 
phosphorus and total protein. Sr®° was 
counted in a well-type scintillation counter 
and Ca*® was counted after precipitation with 
carrier calcium as the oxalate in a gas flow 
counter(3). Stable calcium was determined 
by the method of Kramer and Tisdall as modi- 
fied by Clark and Collip(4), inorganic phos- 
phorus by the method of Fiske and SubbaRow 
(5), and protein in serum and fluid by the 
Kjeldahl method, a small correction being 
made for non-protein nitrogen. Rates of flow 
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TABLE I. Nine Patients Studied. 


Age, Sex Diagnosis Studies performed 
76, 2 Carcinoma of ovary Sr transfer into 
ascites fluid 

53, Q Idem Idem 

61, 2 Carcinoma of breast Sr + Ca transfer 
into ascites fluid 

D0, @ a of ovary Idem 

Ole Cirrhosis of liver ‘4 

60, 3 Idem <P md 

36, 9 Hodgkin’s disease Sr* + Ca* transfer 
into interstit. fluid 

54, 9 Carcinoma of breast Sr® + Ca* transfer 
into pleural fluid 

D1, 9 Rheumatic heart dis- Idem 


ease, cirrhosis of 
liver 


Tracer doses of Sr* and/or Ca*® were inj. intrav. 
to all patients. 

* Patient 6 received, in addition to intray. dose, 
an intra-abdominal inj. of Sr® + Ca”. 


of fluid from plasma into the peritoneal cavity 
were calculated on the assumption that 
amount of radioisotope passing from the vas- 
cular space into the peritoneal cavity was pro- 
portional to the difference of its concentration 
in plasma and ascites at any time, no allow- 
ance being made for binding of the isotopes 
to protein. Rates were calculated for each 
collection period from this difference of the 
isotope concentration. If R is rate of passage 
of fluid into and out of the peritoneal cavity 
in ml/min, t time in minutes, V total volume 
of peritoneal fluid in ml, assumed to be con- 
stant, P and F are average radioisotope con- 
centrations in plasma and peritoneal fluid, ex- 
pressed in percent of dose/ml, respectively, 
and AF is increase of isotope concentration in 
peritoneal fluid during the period in question, 
increase of radioisotope in the peritoneal fluid 
in a given period is V A F = Rt (P —- F), 

VAF 
t(P-F) 

Ultrafiltration studies were carried out on 
plasma and peritoneal fluid of Patient 6 at 
37°C by a modification of the method of 
McFarland and Hein(6,7), as previously de- 
scribed(1). 

Results. Table II presents results obtained 
on passage of radioactive tracers from plasma 
into peritoneal fluid of 2 patients with car- 
cinomatous effusions. In Patient 3, rate of 
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flow calculated from Sr** data differed from 
rate calculated from Ca*® data, Sr*° entering 
the peritoneal fluid at approximately half the 
rate of Ca*®, while in Patient 4, both radio- 
isotopes entered at approximately the same 
rate. Plasma levels for Sr®® and Ca*> were 
identical within limits of experimental error 
in Patient 3, while plasma Ca*® values of Pa- 
tient 4 were initially lower than those of Sr®°, 
reaching approximate equality at 24 hours. 
Table III shows data obtained on a patient 
with cirrhosis of the liver. An intravenous in- 
jection of Sr*° alone was first given followed 
by an intravenous injection of Sr®° and Ca*® 
3 months later. Sr*® plasma and ascites lev- 
els of these 2 studies agreed well. Sr®° and 
Ca** data obtained in the second study (Ta- 
ble III) indicate a slightly greater rate of pas- 
sage of Sr®° than of Ca*® from plasma into 
ascites, comparative rate of passage of Sr°?/ 
Ca* being 1.14/1.03 or 1:1. Ultrafiltration 
studies carried out on plasma and peritoneal 
fluid of this patient revealed that 61% Sr®° 
and 51% Ca*® were ultrafilterable from 
plasma (ratio 1.2) and 76% Sr® and 67% 
Ca** from peritoneal fluid at 37°C. The 
lower half of Table III presents data on pas- 
sage of the radioisotopes from peritoneal fluid 
into plasma following an intracavitary injec- 
tion of both radioisotopes. Both tracers 


TABLE II. Passage of Sr® and Ca* from Plasma 
into Peritoneal Fluid Following Intravenous In- 
jection of Tracers in Patients with Carcinomatous 


Effusions. 
Peritoneal 
Plasma, fluid, 
Time % dose/i Plasma % dose/l Ascites 
(hr) Sr a Cneeor/ Cahors Cama Ga. Come 
: Patient 3 
1% 4.54 4.54 1.00 10 
2, Balg) 3.50 97 NE EAD) 60 
1% 2.44 2.43 1.01 22 86.40 #595) 
4 IGS eo 1.05 POO) 57 
8 AZO) EL 1.06 S510}. chek’) 50) 
24 72 ~=©.64 1.138 eho) eles. 62 
Avg 1.04 Avg 08 
Patient 4 
Y% 7.02) 6.14 1.15 81  .66 23 
1 5.64 4.84 USI7. 1.08 95 1.14 
2 4.59 4.02 1.14 IRS melas 6 1.14 
3 4.02 3.49 Whe} IESO = IeGS IL WG 
4 Sahoo 1.20 2.08 1.86 12 
8 Syl Seis 1.14 2.60 2.27 HTS) 
24 eo mecalul 1.10 2.44 2.23 1.09 
Avg 1.15 Avg 1.15 
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TABLE III. Passage of Sr® and Ca** between 
Plasma and Peritoneal Fluid Following Intrave- 
nous and Intracavitary Injection of Tracers in 
Patient with Cirrhosis of Liver. 
Patient 6 


Peritoneal 
Plasma, fluid, 
Time % dose/1 Plasma % dose/l1 Ascites 
(hr) Sree (OR? TSesyAOrie Sie (Ohio Syke Cer 
Intray. inj. of Sr® and Ca* 
VA 5.98 5.85 1.02 lee ally) 1.00 
YY 4.99 4.92 1.01 oo) eee 1.22 
1 4.32 3.94 ARO AT AO 1.18 
- 2.68 2.56 1.05 1.03 .86 1.20 
8 2.11 2.00 1.06 alkayay lal) 1.16 
24 1.48 1.56 95 Meee) GeAl7y ali} 
Avg 1.03 Avg 1.14 
Intracay. inj. of Sr® and Ca® 
1% ails} ilu 1.18 8.29 8.13 1.02 
Ww Zila eco 1.04 ele 769 1.00 
1 45.48 1.05 7.54 7.37 1.02 
4 1.06 1.02 1.04 5.82 5.74 1.01 
6 SS leo 2 5.18 4,82 1.07 
(a Mite Oeste ween esti, wee le Paley sary 
ial 1.48 1.37 1.08 3.45 3.18 1.08 
12% aS) ass HG Lis) 3.02 2.86 1.06 
15 IGS 235 itil 2.48 2.30 1.08 
24 1.46 1.34 1.10 1.62 1.36 1.19 
Avg 1.10 Avg 1.06 


passed into the plasma at approximately the 
same rate. 

Table IV lists data on passage of the radio- 
isotopes from plasma into interstitial fluid in 
a patient with Hodgkin’s disease and marked 
edema of the lower extremities. Concentra- 
tions of Sr*° and Ca* in plasma were almost 
identical for 4 days and in interstitial fluid for 
5 days of the study. Sr®® and Ca* values in 
the interstitial fluid appeared to reach a maxi- 
mum at about 4 hours, indicating a time lag 
in passage of approximately the same order for 


TABLE IV. Passage of Sr® and Ca* from Plasma 
into Interstitial Fluid Following Intravenous In- 


jection of Tracers in Patient with Hodgkin's 
Disease. 
Patient 7 
Intersti- 
Plasma, tial fluid, Intersti- 
Time FJ dose/1 Plasma % dose/1 tial fluid 
(hr) Sree Case Si Cage Sra Cam sr 2) Cag 
1% 3.23 2.76 NGIY/ 1.37 1.34 1.02 
4 2.16 2.09 1.03 1.68 1.59 1.06 
21 1.53 1.52 1.01 1.28 1.34 96 
24 1.385 1.39 nO 1.22 1.27 96 
92 i 1.05 
120 COO ee .99 
Avg 1.05 Avg 1.00 


Ca* AND SR® IN FLUIDS 


both radioisotopes. The edema fluid con- 
tained 2.8 g % protein and 10.3 mg % Ca, 
compared with 6.2 g % and 13.6 mg% re- 
spectively in the plasma. 

Table V lists rates of passage of fluid be- 
tween plasma and peritoneal cavity calculated 
from Sr®° and Ca*® data. Rates of flow cal- 
culated from Sr*° in 6 patients ranged from 3 
to 28 ml/min. There was good agreement of 
rates of flow in Studies I and II performed in 
Patient 6, while there was a 2-fold increase in 
Study III. The ratio of Sr*°/Ca*® was ap- 
proximately 1:1 in Patient 4 and in Study III 
of Patient 6 and possibly also in Study II of 
the same patient. The ratio was approxi- 
mately 1:2 in Patient 3. There was no ap- 
parent correlation between rate of flow and 
protein concentration in plasma or ascites. 
The net increase in volume of peritoneal fluid 
over the period studied as determined clini- 
cally was relatively negligible, so that rates of 
passage into and out of the peritoneal cavity 
could be assumed to be approximately the 
same. 

TABLE V. Rate of Passage of Fluid between 


Plasma and Peritoneal Fluid Caleulated from Sr* 
and Ca*® Data. Intravenous injection of tracers. 


Rate of flow, 
ml/min., 


Ascites from Total protein, 
vol, ml* data g % 
Patient (100) Sr® Ca*® Plasma Ascites 
i 70 20 6.6 2.2 
2 85 28 6.6 5.5 
3 50 3 7 6.5 4.5 
4 45 10 10 (i) 4.9 
5 47 8 7.6 1.0 
6 Study I 80 10 6.2 IBY 
II 70 10 8 6.1 1.4 
IIT 110 24t = 24t 5.9 1.8 


* Removed by paracentesis after completion of 
the study. 
+ The tracer was inj. into the peritoneal cavity. 


The ratios of pleural fluid/plasma Sr®* and 
Ca*® of 2 patients listed in Table VI indicate 
greater passage of Sr®° than of Ca? into the 
pleural cavity although pleural fluid protein 
of Patient 8 was high (this patient had a car- 
cinomatous effusion) and pleural fluid calcium 
of both patients was almost as high as that 
of plasma. Rates of passage of both Sr*® 
and Ca* into the pleural fluid were higher in 
Patient 9 than in Patient 8. 

Discussion. Concentrations of protein and 
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calcium indicated that none of the body fluids 
studied were genuine ultrafiltrates. Forma- 
tion of abnormal body fluids is obscure. It 
has been suggested that the intrinsic capil- 
laries of the liver are extremely permeable and 
produce hepatic lymph, high in protein, which 
may be a possible source of ascitic fluid(8). 
However, this process of ascitic fluid forma- 
tion may not be applicable to effusions result- 
ing from various etiologies. The process is all 
the more obscure because flow of fluid is in 
both directions. The net rate of formation of 
ascitic fluid was estimated to be less than 0.5 
liter/day, i.e., less than 0.4 ml/minute the 
slowest rate of passage calculated from the 
Sr data being 3 ml/minute (Table V). 
When tritium-labeled water is used, rate 
of flow is found to be higher, so that 40-80% 
of the total ascitic fluid volume enters and 
leaves the peritoneal cavity per hour(9). This 
rate of flow would correspond to a passage of 
58 to 115 liters of water from plasma into the 
abdominal cavity within 24 hours in a patient 
with 6 liters of ascites. In studies carried out 
with radio-labeled albumin, complete albumin 
turnover in the fluid has been reported to oc- 
cur in 2 days(10), whether albumin was in- 
jected intravenously or  intraperitoneally. 
Comparing the low rates of passage of fluid 
derived from Sr* and Ca*® data with those 
obtained with tritium, one may conclude that 
the 2 ions do not diffuse as freely into and out 
of the peritoneal fluid as water but may enter 
the fluid in part combined with protein and in 
part unbound. 

Although ascitic fluid is not an ultrafiltrate, 
relative Sr8°/Ca*® values in plasma and ascites 
of Patient 6 following intravenous and intra- 
cavitary injection of the tracers were similar 
to those found in ultrafiltration experiments 
(Table III). Studies carried out in 2 patients 
with carcinomatous effusions revealed a ratio 
for passage of fluid from plasma into the peri- 
toneal cavity of 3:7 and 1:1 when calculated 
from Sr®* and Ca*® data, respectively, (Table 
V), indicating no preferential passage of Sree 
Rate of flow from plasma into peritoneal fluid 
varied considerably from patient to patient. 
In Patient 6, rate of flow following intracavi- 
tary injection was much greater than after in- 
travenous administration of the isotopes. This 
difference may be due to a change in status 
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TABLE VI. Passage of Sr® and Ca* from Plasma 
into Pleural Fluid. 


Plasma Pleural fluid Fluid/ 
~ plasma 
Pa- Ca, Protein, Ca, Protein, 
tient mg % 2% mg % 2% Sra Care 
8 9.9 6.5 8.1 eH) O07 DOr 
9 9.6 5.8 9.4 1.0 Slt .74t 
* 24 hr after intrav. inj. of tracers. 
+ 27 hr Idem 


of the patient during the 3-month interval be- 
tween studies. The increased volume of fluid 
in this patient, as well as deterioration of his 
clinical condition, also indicated that such a 
change occurred. The extremely low rate of 
passage in Patient 3 may have been due to 
dehydration. From the variable amounts of 
protein in different peritoneal fluids, from the 
different rates of passage of the isotopes and 
the different Sr°°/Ca** ratios, it may be in- 
ferred that many factors affect ascitic fluid 
formation and that the mechanism of forma- 
tion may differ from case to case. 

The Sr*°/Ca*® ratio for passage into pleural 
fluid from plasma was almost like that of an 
ultrafiltrate (Table VI). This preferential 
passage of Sr*° is noteworthy since red blood 
cells were present in the carcinomatous pleu- 
ral effusion, indicating increased permeability 
of the capillaries, and both radioisotopes 
might be expected to pass into the pleural 
fluid at about the same rate. Of interest are 
the high values for calcium in the pleural 
fluid, whether the fluid was an exudate or 
transudate. This is contrary to what might 
be expected from the literature(11) but has 
been confirmed in our laboratory on a larger 
number of patients. It should be noted that 
a single reading of the serum calcium value 
may be far from representative of the patient’s 
true calcium level since considerable fluctua- 
tions in serum calcium have been found even 
in healthy individuals(12) and greater fluc- 
tuations may be expected to occur in patholo- 
gic states. 

Summary. The passage of strontium and 
calcium from plasma into peritoneal, pleural 
and interstitial fluids has been ‘studied in 
man following intravenous injection of Sr*° 
and Ca*®. Rates of passage of the 2 isotopes 
into peritoneal cavity have been calculated. 
In 1 case, Ca*® entered the cavity more rap- 
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idly than Sr*°, in another, Sr®° entered more 
rapidly, and in 2 cases, both radioisotopes en- 
tered at the same rate. Both ions passed 
more rapidly into and out of the peritoneal 
cavity than the fluid accumulated, but pas- 
sage of ions was slower than flow of water. 
Rate of passage varied in different patients as 
did ratio of rates for Sr®° and Ca*®. The high 
protein content indicated that peritoneal fluid 
was not an ultrafiltrate although the Sr*°/Ca* 
ratio corresponded to that of an ultrafiltrate 
in some cases. The’ ratio in pleural fluid ap- 
proximated that of an ultrafiltrate, Sr°° enter- 
ing more rapidly. The ratio of passage of 
Sr* and Ca*® into interstitial fluid studied in 
one patient with massive edema indicated in- 
creased permeability of the capillaries, both 
isotopes entering the fluid at about the same 
rate. 
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Lipid Bound Glutamic Acid Deficiency in Aging Arteriosclerotic Subjects.*t 
(25600) 


R. E. HAMILTON AND L. O. PILGERAM 
St. Barnabas Hosp. Research Foundation and Dept. of Physiology, University of Minnesota 
School of Medicine, Minneapolis 


A previous report(1) described chromato- 
graphic identification of bound glutamic acid 
in the lipid fraction of rat liver. Our object 
was to determine whether this factor also ex- 
ists in human plasma lipoproteins and whether 
the compound shows variation in the aging 
arteriosclerotic human subject. 

Methods. Twenty ml of blood were intro- 
duced into a centrifuge tube containing 1.5 ml 
acid citrate dextrose solution. Fractionation 
of alpha and beta lipoproteins was carried out 
according to method of Lever et al.(3). Fol- 
lowing fractionation, the tubes containing 
alpha- and beta-lipoproteins received 75 ml 


* This investigation was supported by grants from 
Nat. Heart Inst., Am. and Minn. Heart Assn., and 
Life Insurance Med. Research Fund. 

t Presented in part at meeting of Fed. Soc. Exp. 
Biol., Atlantic City, April, 1959. 


of ethyl alcohol:ethyl ether (3:1) extraction 
mixture. The suspension was stirred 3 hours 
at room temperature. Then the clear super- 
natant was decanted into 125 ml Erlenmeyer 
flasks. To the precipitate were added another 
75 ml of lipid extracting media, suspension 
stirred, then stored overnight at —25°C(4). 
After removal from deep freeze, stirring was 
maintained 3 hours. The tubes were then cen- 
trifuged and this second extraction was 
pooled with the previous one. This extraction 
procedure was repeated using anhydrous ethyl 
ether. Pooled extracts were brought to an- 
hydrous state over sodium hydroxide pellets 
in vacuo at 40°C. Phospholipids were ex- 
tracted from the residue with three 15 ml por- 
tions of anhydrous petroleum-ether (b.p. 30°- 
60°C). If residue and solvent are anhydrous, 
there is no contamination from amino acids 
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which may have been absorbed to initial pre- 
cipitate and carried over in alcohol-ether ex- 
traction(5). Pooled petroleum-ether extracts 
were evaporated from reflux flasks at 65°C. 
The lipids were hydrolyzed with 25 ml of 6 N 
HCl at 108°C for 22 hours. After chilling, 
the hydrolysate was quantitatively filtered to 
remove insoluble fatty acids. After filtration 
and drying in vacuo at 45°C-50°C, the resi- 
due was taken into solution with 10 ml of 
warm, distilled water and hydrolysis products 
were separated on a Dowex-50 (400 mesh) ca- 
tion exchange column (0.9 x 55 cm). The 
flow was adjusted to 7 ml/hour and 10 ml 
samples of 1.5 N HCl eluate were collected. 
Glutamic acid and serine were eluted in the 
vicinity of 90 ml of eluate. All collection vials 
were dried iz vacuo with inside desiccator tem- 
perature of 40°C. Glutamic acid and serine 
were separated via descending paper chroma- 
tography using a solvent system of butanol- 
acetic acid-water (21:50:100) for 30 hours. 
It is not necessary to precede paper chroma- 
tography with column chromatography. It 
was used here because of simultaneous 
need for adequate amounts of phos- 
pholipid bases for other analyses not con- 
cerned with this report. After the paper was 
removed from chromatography chamber and 
dried at room temperature for at least 3 hours, 
it was rapidly dipped in a methanolic-ether- 
potassium hydroxide solution (3 parts of me- 
thanol, 1 part ether, 1% KOH), which re- 
moved an erratic background during color de- 
velopment. After drying, the paper was 
dipped in 0.1% ninhydrin acetone solution 
(pH 5) and dried at room temperature 30 
minutes. Amino acid spots become visible 
but instead of both glutamic acid and serine 
giving typical blue-purple spot, serine becomes 
straw-colored whereas glutamic acid becomes 
pale blue. Equal areas were cut from the pa- 
per, including blanks as well as amino acids, 
and placed into flat bottom vials. One ml 
(pH 5) citrate buffer, 0.05 ml of 0.7 N acetic 
acid, and 1.5 ml of 2% ninhydrin solution 
(pH 5) were added. After 5 minutes shaking, 
vials were placed in covered, vigorously boil- 
ing water bath for 25 minutes. After chilling 
to room temperature the colored solutions 
were transferred to 10 ml volumetric flasks. 
Two-3 ml portions of propanol-water diluent 


were used to extract all color. Rinses were 
pooled into flasks; the flasks diluted to proper 
volume with diluent, mixed, and read at 570 
my. Standards were run with each analysis. 
Minimum requirements for accepting a pa- 
tient as an arteriosclerotic subject were (a) 
clinical and laboratory history of myocardial 
infarction from which the subject had recov- 
ered for at least 4 months, and (b) electro- 
cardiographic changes characteristic of an in- 
farction. Plasma was drawn only from sub- 
jects who fasted a minimum of 8 hours over- 
night prior to taking a sample. Recovery. 
One hundred or more pg of glutamic acid in- 
troduced into the analytical procedure begin- 
ning with acid hydrolysis, provided individual 
recovery values of 96, 107 and 100%. Serine, 
choline, and ethanolamine were also deter- 
mined and gave recoveries of 96 + 6%, 97 
+ 4%, and 106 + 6% respectively. Recov- 
ery of glutamic acid or serine in amounts less 
than or equivalent to 50 pg was low, ranging 
from 48 to 83%. No adequate explanation 
appears for this low recovery, although it is 
possible that some glutamic acid may have 
been converted to pyrrolidone carboxylic acid. 
The method did not extract free glutamic acid 
(Ge 

Results. The results of this study are given 
in Table I. It is apparent that the lipid 
bound, ninhydrin positive constituent identi- 
fied as glutamic acid is present as a constitu- 
ent of human plasma and that this new lipid 
factor is deficient in the aging, arteriosclerotic 
human subject. The average normal subject 
has 33.9 »M per liter of plasma as compared 
to 17.0 »M for the average arteriosclerotic. 
The change in distribution ratio of glutamic 
acid between alpha and beta lipoprotein frac- 
tions favors the beta fraction and appears to 
be a part of a defective mechanism for me- 
tabolism of these lipoprotein moieties. The 
normal subject has 47% in alpha fraction 
compared to 35% in this fraction for the ar- 
teriosclerotic. This abnormal distribution ra- 
tio correlates with the change in alpha-beta 
distribution ratio of cholesterol as observed 
by Barr e¢ al.(6) in arteriosclerotic patients. 
In passing from the normal to the arterio- 
sclerotic condition, alpha lipoprotein incurred, 
on the average, a 63% loss (p<0.003) in this 
lipid factor. The arteriosclerotic beta lipo- 
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TABLE I. Lipid Bound Glutamic Acid in Normal and Arteriosclerotie Subjects. 
Normal subjects LK. Ge D.S. MGie G.S. O.H 
Age 44 18 18 2] 26 BD 
Wt 205 140 140 180 165 155 
Alpha fraction .394* 200 .238 164 232 182 
Beta 2 332 374 Te 74 346 186 
Total .726 574 410 .338 578 .368 
Arterioscleroti¢ 
subjects AGE. 6c s Wiss YF. & PA. G.M. W.M E.D. 
Age 44 51 63 70 62 50 54 
Wt 225 206 — 185 164 180 180 
Date of infarction 3/57 3/57 7/56 6/56 1955 yay 5/57 
Alpha fraction 028 040 156 136 100 
Beta eG 168 O80 154 248 132 
Total 196 120 310 384 232 


* All values reported in mg %. 


protein showed about a 37% loss with respect 
to the normal in lipid bound glutamic acid, 
however, range of variability in beta lipopro- 
tein glutamic acid was sufficiently great as to 
cause this value to border on being significant. 
In the differential ethanol separation of 
Cohn’s microfractionation method No. 10 the 
2 major types of lipoproteins, alpha and beta, 
are concentrated in separate fractions. Elec- 
trophoretic determinations of plasma fractions 
from normal individuals and arteriosclerotics 
have indicated that separation of the lipopro- 
teins is complete. It appears reasonable to 
assume that the lipid bound glutamic acid is 
carried by the alpha and beta lipoprotein. 
This consideration is supported by the ob- 
served change in percentage distribution of 
glutamic acid between alpha and beta lipopro- 
tein in normal and pathological subjects and 
correlation of this change to known changes 
in plasma content of alpha and beta lipopro- 
teins with arteriosclerosis(6). Our measure- 
ments can not exclude the possibility that this 
factor is selectively isolated with or adsorbed 
to the alpha and beta lipoprotein or one of 
the other fractions; however, observations 
(3,6) that lipids recovered from fraction IV 
+ V + VI are in combination with alpha, 
globulin and those recovered from fraction I 
+ IJ + III are combined with beta; globulin 
would strongly argue for specific binding to 
alpha and to beta lipoprotein fractions. 
Hecht(2) has demonstrated a highly sig- 
nificant inhibitory effect of glutamic acid on 
thrombokinase activity in the blood coagula- 


tion system. It is not known whether the lipid 
bound glutamic acid factor described here 
possesses thrombokinase inhibitory activity. 
If it should possess this inhibitory capacity, 
this fact taken together with its striking de- 
ficiency in arteriosclerotic subjects, who pos- 
sess markedly disturbed blood coagulation 
systems(7), should warrant further work on 
the structure and defective metabolic rela- 
tionships of this factor. 


Finally, it can not be stated whether the ob- 
served difference between normals and patho- 
logicals represents a loss of lipid bound glu- 
tamic acid in the pathological subject or 
whether we are dealing with molecular struc- 
tural differences which convey differential 
solubility properties. 

Summary. A ninhydrin positive, lipid 
bound factor chromatographically identified 
as glutamic acid has been found in the or- 
ganic solvent extract of human plasma alpha 
and beta lipoproteins. This factor is grossly 
deficient (p<0.006) in plasma of the aging, 
arteriosclerotic subject and has an abnormal 
distribution pattern between alpha and beta 
lipoproteins of the pathological patient. This 
deficiency of lipid bound glutamic acid may 
be related to a defective blood coagulation 
system of the human arteriosclerotic. 
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Effect of S-(Dichlorovinyl)-L-Cysteine on Incorporation of Precursors into 


Deoxypentose Nucleic Acid of Leukocytes.* 


(25601) 


N.S. Mizuno, G. J. Hacerry, D. D. Jort, J. H. Sautrer anp M. O. ScHuLtzE 
Division of Vet. Pathology and Parasitology, College of Vet. Med., and Dept. of Agriculural 
Biochemistry, University of Minnesota, St. Paul 


Continuing our investigations on the mech- 
anism by which trichloroethylene-extracted 
soybean oil meal or S-(dichloroviny])-L-cys- 
teine (DCVC)(1) can induce fatal aplastic 
anemia in calves we studied the effects of 
DCVC on incorporation of radioactively la- 
beled precursors into deoxypentose nucleic 
acid (DNA) of leukocytes. 


Procedures. Experiments with P**-phos- 
phate. Male Holstein calves, weighing 100- 
130 lb were conditioned at least 2 weeks prior 
to experiments until judged normal by clinical 
and hematological observations. Sodium P??- 
phosphate, (2.5 mc, specific activity: 48-208 
c/g, pH = 7.4, in 0.9% aqueous sodium 
chloride) was injected intravenously. A dose 
of DCVC (total of 3.3 mg/kg in 3 equal por- 
tions during 10 hr), previously found to in- 
duce fatal aplastic anemia in young calves(1), 
was injected intravenously on same day as 
P®? (first portion 5 hr before P?*; 2 calves) 
or 2 days prior to P®? (4 calves), or 4 days 
prior to P®? (2 calves). Four calves receiv- 
ing no DCVC served as controls. All calves 
were kept in metabolism cages and fed, twice 
daily, suspension of hexane-extracted soybean 
oil meal in milk. Counts of thrombocytes, 
total and differential leukocytes were made 
daily. Heparinized blood (75 ml) was col- 
lected 6 hours after P®* injection and then 
daily. It was centrifuged at 5°C and 2000 
g for 30 minutes, plasma removed and recen- 


* Paper No. 4283 Scientific Journal Series, Minn. 
Agr. Exp. Station, supported in part by U. S. Atomic 
Energy Commission and U.S.P.HS. Technical as- 
sistance by H. W. Moon, H. A. Pattison and F. W. 
Bates is gratefully acknowledged. 


trifuged. One ml of plasma and 0.1 ml of gly- 
cerol were placed in aluminum planchets lined 
with filter paper and dried under infrared 
lamp for measurement of radioactivity. The 
buffy coat was lifted out, briefly washed with 
cold 0.16 M sodium chloride-0.01 M sodium 
citrate solution and DNA isolated by the 
method of Kay et al.(2). DNA-containing 
precipitate was suspended in 2.5 ml of 5% 
trichloroacetic acid, heated at 100°C for 30 
minutes, cooled, diluted to 5 ml with HO, 
and centrifuged. Aliquots of clear superna- 
tant were dried on paperlined planchets to 
measure radioactivity, or used for DNA deter- 
minations(3). Specific activity of leukocyte 
DNA_ was calculated as  counts/minute 
(CPM)/yng DNA. The collected urine was 
filtered, 1 ml aliquots dried in paperlined plan- 
chets under infrared lamp. Radioactivity was 
measured with gas-flow, thin window Geiger 
counter and calculated with corrections for 
physical decay and self-absorption. 


Isolated leukocyte DNA was checked for 
contamination by RNA and by inorganic P*?. 
RNA was determined in trichloroacetic acid 
extracts by the orcinol method(4). To check 
for inorganic P®2 contamination, P*®*-phos- 
phate was added to chilled buffy coat suspen- 
sion at concentrations comparable to those 
found in plasma, and isolation procedure for 
DNA was initiated at once. Radioactivity of 
isolated DNA was then determined. Wath tri- 
tiated thymidine. Incorporation of this com- 
pound into leukocyte DNA was studied in 
vitro with blood from normal and DCVC- 
treated calves. Fresh blood containing 1/10 
volume disodium ethylenediamine tetraacetic 
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FIG. 1. Specifie activity of leukocyte DNA after 
inj. of P®-phosphate and DCVC. @®-—~—-—-@ no 
DCVC (means of 4); X xX DCVC on same day 
as P® (means of 2); ©----© DCVC 2 days before 
P®” (means of 4); A A DCVC 4 days before 
P® (means of 2). 


acid (1% in 0.7% aqueous sodium chloride) 
was placed in silicone-coated tubes, and H*- 
thymidinet (specific activity: 360 mc/m 
mole) was added to final concentration of 5 
pc/ml. This mixture was kept at room tem- 
perature and smears were made after 1 and 6 
hours. Effects of DCVC on H?®-thymidine 
uptake were also studied im vitro by addition 
of DCVC to normal calf blood at concentra- 
tion (1 »M/ml) which retards growth of cells 
in tissue culture.+ Autoradiographs were 
made with Kodak Autoradiographic Stripping 
Film AR-10, exposed for 6 days at 4°C, de- 
veloped with Kodak D19b, fixed with Kodak 
acid fixer, washed and stained with Leish- 
mann-Giemsa stain(5). 

Results. Control calves had always nor- 
mal blood counts. In blood of DCVC-treated 
calves, as observed previously(1), counts of 
leukocytes, thrombocytes and polymorpho- 
nuclear leukocytes remained normal for at 
least 12-14 days, then progressively dropped 
to very low levels. The DCVC-treated calves 
died after 20-30 days. 

Fig. 1 shows that treatment of calves with 
lethal dose of DCVC decreased but did not 
abolish early incorporation of inorganic phos- 
phate into DNA of blood leukocytes. With 
normal calves a maximum specific activity of 
about 2% times that found with DCVC- 
treated calves was observed 1-2 days after ad- 
ministration of P**. In normal calves there 
occurred a second, distinct rise in specific ac- 


+ Purchased from Schwarz Labs., Mount Vernon, 
ING 
+ Our unpublished observations. 
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tivity of leukocyte DNA between 9th and 
11th day when concentration of P** in blood 
plasma had greatly decreased, essentially to 
same extent as in DCVC-treated calves. No 
evidence was found for this in calves treated 
with DCVC 4 days before administration of 
P®?, Leukocyte DNA was obtained from a 
mixed population of cells in which lympho- 
cytes predominated(1); no information is 
available on rate of DNA synthesis in differ- 
ent cell types or their precursors in the calf. 


Radioactivity of DNA extracts was not the 
result of contamination with inorganic phos- 
phate. When P?*-phosphate was added to a 
suspension of buffy coat from normal calves 
and DNA isolation started immediately, ra- 
dioactivity recovered in DNA extract was 
0.12% of the added P®*. Actual contamina- 
tion of DNA with inorganic P*? in in vivo ex- 
periments is probably less than this; however 
it is not known at what stage of isolation pro- 
cedure incorporation of P®* into leukocyte 
DNA stops completely. When DNA extracts 
were treated with orcinol reagent, colored 
products were obtained which, when calcu- 
lated as pentose nucleic acid (PNA), gave re- 
sults indicating that PNA was only about 1% 
of DNA present. Inasmuch as authentic DNA 
also gives an orcinol reaction of this order of 
magnitude(4), it is assumed that PNA con- 
tamination of DNA extracts was negligible. 


Calves treated with DCVC 2 or 4 days be- 
fore injection with P*’, had during the first 2 
days a higher rate of urinary P** excretion. 
This may reflect some kidney damage which 
becomes severe and results in high blood urea 
nitrogen values when higher doses (4-5 mg/ 
kg) of DCVC are injected.} In these experi- 
ments blood urea nitrogen remained normal. 


When blood from normal calves was incu- 
bated with H*-thymidine, about 1% of mono- 
nuclear cells showed nuclear uptake of the 
tracer, presumably into the DNA. No uptake 
of radioactivity was observed in polymorpho- 
nuclear leukocytes. Appreciable labeling took 
place in 1 hour, and corroborated the in vivo 
studies in which rapid incorporation of P®? 
into blood leukocyte DNA was observed. 
DCVC did not inhibit incorporation of H®- 
thymidine into these cells, when collected from 
DCVC-treated calves (Fig. 2A) or when nor- 
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FIG. 2. Radioautographs of blood treated in vitro 
with tritiated thymidine. 1200. A. Blood from 
calf treated with DCVC 18 days before collection 
of blood. B. Blood from normal calf incubated 
with DCVC (1 ymole/ml, added at same time as 
thymidine). 


mal blood cells were incubated in vitro with 
DCVC in presence of H*-thymidine (Fig. 
2B). 

Discussion. Many studies have been made 
with radioactively-labeled blood cells, but 
problems of dynamics of leukocyte production 
and destruction remain to be resolved(6). 
They are complicated through the presence of 
mixed populations of cells, formation of each 
probably being subject to independent con- 
trols. Moreover, there is evidence that leuko- 
cytes in circulation may represent only a small 
fraction of total leukocytes in the body, and 
there is little information on size and location 
of leukocyte pools, or on rate and extent of ex- 
change of blood leukocytes with those in ex- 
travascular pools. Of tracer methods em- 
ployed, labeling of DNA offers advantages 
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because isotope incorporation occurs only 
with concurrent DNA synthesis in cells pre- 
paring for cell division, and because the label 
remains stably bound to DNA during lifetime 
of the cell; hence cells with labeled DNA rep- 
resent newly formed cells. Analysis of P** 
concentration in leukocyte DNA has been 
made in man(7-12), dog(13,14) and rabbit 
(15,16). Changes in specific activity ob- 
served in normal calves (Fig. 1) resemble the 
biphasic curves observed with rabbits(15,16). 
The fact that lymphocytes predominate in 
both bovine and rabbit blood may be relevant. 
In present studies, radioautograms were made 
of blood smears from P*?-treated calves, but 
the level of radioactivity was too low for sat- 
isfactory results. 


Control calves showed no evidence of radia- 
tion damage, from examination of peripheral 
blood levels of hemoglobin, thrombocyte, leu- 
kocyte or differential counts after treatment 
with 2.5 mc P®?. This amount is less than 5 
mc used for treatment of polycythemic human 
subjects of similar body weight(17). 


When blood was incubated with H?-thymi- 
dine, about 1% of mononuclear leukocytes 
showed intense labeling after 1 hour. The 
number of these cells did not increase appre- 
ciably after 6 hours’ incubation. The major- 
ity of labeled cells were large, and resembled 
the mononuclear cells which Bond, Cronkite 
and their associates(18) suggested to be pos- 
sible multipotential primitive cells with pro- 
liferative capacity, in transit in blood. Early 
uptake of P?? into DNA could be explained 
by presence of these leukocytes, capable of 
DNA synthesis while in circulation, therefore 
no delay would occur in appearance of labeled 
cells, in contrast to granulocytes(6). Either 
with normal blood to which DCVC had been 
added or with blood from DCVC-treated 
calves, the nuclear uptake of H*-thymidine 
into these mononuclear cells was not inhibited. 

Summary. 1. When sodium P*?-phosphate 
was injected intravenously into calves, there 
was an early labeling of leukocyte DNA. 2. 
DCVC decreased but did not abolish this up- 
take of P?* when given concurrently with P*? 
or when calves were pre-treated with DCVC 
for 2 or 4 days. 3. When normal calf blood 
was incubated in presence of H*-thymidine, 
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there was a rapid nuclear uptake by mononu- 
clear leukocytes. 4. DCVC did not inhibit 
incorporation of H*-thymidine in either blood 
from DCVC-treated calves or in normal blood 
incubated in presence of DCVC. 5. Abolish- 
ment of DNA synthesis in leukocytes or leu- 
kopoietic tissue does not appear to be a pri- 
mary biochemical lesion through which DCVC 
induces fatal blood dyscrasia in calves. 
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S. C. Harris AND J. P. ALLGoop 
Dept. of Physiology and Pharmacology, Northwestern University Dental School, Chicago 


Since it has been reported that addition 
of thalidomide* (N-phthalyl-glutamic acid 
imide) to the classical ‘‘APC” combination en- 
hanced its clinical analgesic effect(1), it was 
considered interesting to study this effect ex- 
perimentally on human subjects. 

Method. The amount of electricity neces- 
sary to elicit a painful sensation was deter- 
mined 3 times at 15 minute intervals before, 
and 9 times at 20 minutes after oral medica- 
tion. The current was applied as square 
waves of 1 msec. duration every half second. 
The stimulus was increased by 0.01 volt at 
every impulse until the subjects indicated feel- 
ing pain. Temporal clues during this pro- 
cedure were avoided. The method has been 
described(2,3). Each of the 10 subjects 
served for 5 experimental sessions, with at 
least 48 hours intervening between any 2. 
The sequence of medication was by “‘latin- 


* “Kevadon”, Trademark of Wm. S. Merrell Co. 


square” design and “double-blind” discipline 
prevailed. The medications, prepared to look 
alike were: A. 2 APC, = 7 gr. acetylsalicylic 
acid, 5 gr. acetophenetidin, 1 gr. caffeine; B. 
25 mg thalidomide + 2 APC; C. Placebo; 
D. 32 mg Codeine sulfate + 2 APC; E. 
“Dry-run” (no capsules). 


Results. For analysis, each postmedication 
threshold was expressed as its increment from 
its average premedication voltage on the same 
day. The average threshold increments of the 
10 subjects, by interval after and type of 
treatment, are presented in Table I. 


An analysis of variance, performed on the 
detailed aggregated data (of which Table I is 
a summary), is summarized in Table II. This 
analysis compares the net (or average or areas 
under the curve) increments following each 
treatment, in terms of variance attributable 
to subject-treatment interaction. No signifi- 
cant difference was found between the average 
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# 
TABLE [. Average Increments of Experimental 
Pain Thresholds of 10 Subjects (in Centivolts), by 
Time Postmedication and Treatment. 


Min. after Treatment 


medication A B C D iE 
20 6.0 49) 2 3.9 m3) 
40 7.2 Ont 2.9 7.3 1) 
60 5.7 12.0 2.6 10.2 1.2 
80 8.4 10.9 2.8 10.8 1.4 
100 6.7 7.0 4.6 8.2 = 
120 5.1 8.2 2.0 8.7 =I! 
140 3.5 3.5 3.3 6.9 all 
160 2.3 4.6 1.5 5.0 1.2 
180 =) 3.0 6 2.9 1.8 
Total 44.8 59.2 20.5 63.9 7.4 


postmedication increments which followed the 
control treatments C and E. 

No significant difference was found between 
the average increments which followed the 3 
treatments: A, B, and D. However, incre- 
ments of the 3 treatments (A, B, and D) were 
significantly (P<.01) greater than the con- 
trols (C and E). 


TABLE IT. Summary of Analysis of Variance. 


Degrees Mean splice? 
Source freedom square ratio 
Subjects 9 333.09 2.22* 
Treatments (4) (667.33) 4.444 
Controls (C, E) 1 95.34 63 
Treats. (A, B, D) 2 110.05 13 
Controls vs treats. il 2353.86 15.67 + 
Subj. X treats. 36 150.20 2.841 
Intervals 8 168.70 5.09% 
Subj. X intervals 72 33.14 .63 
Mreats, << ”” 32 36.04 .68 
Residual 288 52.93 
eae <0 5; Hie, <i 


Since it is apparent in Table I that time- 
response characteristics were not the same 
after each treatment, a separate analysis of 
variance was performed on all the data avail- 
ble within each postmedication interval. 

The results of these comparisons of particu- 
lar interest here are those which relate the 
increments after one compound to another. 
The only statistically significant differences 
obtained (P < .05-.01) indicated that the 
threshold was elevated above the dry run by 
APC + thalidomide (B) from 40 through 
120 minutes after ingestion and by APC + 
Codeine (D) from 60 through 140 minutes 
postmedication. Increments after these 2 
combinations (B and D) were significantly 
superior to placebo (C) induced increments 
at the 60 and 80 minute observations. 

Conclusion. Because 2 APC + 25 mg thal- 
idomide or + 32 mg Codeine sulfate elevated 
the threshold to experimentally induced pain 
of 10 human subjects above threshold incre- 
ments which followed placebos or no treat- 
ment while 2 APC alone did not, it is con- 
cluded that the analgesic potential of APC is 
enhanced by added compounds in the quanti- 
ties employed. 
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Survival of Dogs Following Section of Carotid and Vertebral Arteries.* 
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Donatp F. M. Buncet (Introduced by S. R. M. Reynolds) 
Dept. of Anatomy, University of Illinois College of Medicine, Chicago 


The functional effects following acute ar- 
rest of the carotid and vertebral arterial blood 
supply to the brain aroused the interest of 
several investigators during 19th and part of 


* This investigation supported by U.S.P.HLS. 
Grants RG 4728; HTS 5266. 
t U.S.P.H.S. Trainee in Anatomy. 


present century(1-7). Effects of deprivation 
of blood flow by these routes have been ob- 
served in animals, including horse, dog, cat, 
rabbit, monkey and goat(2,8,9). With few 
exceptions (1,2), these experiments were acute 
in nature, the animal either succumbing, or 
sacrificed soon after its termination. The 
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present study is concerned with some chronic 
effects observed in dogs in which continuity 
of the carotid and vertebral arteries is perma- 
nently interrupted. 

Procedures. Two groups of 7 dogs each 
were used. All animals were approximately 
1-3 years old, weighed between 12-20 kg, and 
were about equally divided between the sexes. 
Anesthesia was induced with 3% nembutal, 
0.7 cc/kg, and morphine, grains 1.5. In the 
first group of 7 dogs, both common carotid and 
both vertebral arteries were severed. A longi- 
tudinal incision was made in the neck extend- 
ing from about the level of fourth cervical 
vertebra to the superior margin of sternum. 
Both common carotid arteries were exposed. 
The subclavian arteries then were sought, and 
their vertebral branches isolated. Using a 
Meyerding retractor, each vertebral artery 


was lifted from surrounding tissue, and 
doubly ligated with heavy silk suture. The 
vessel then was cut between ligatures. The 


cut ends of artery retracted so that distance 
between ends was about 3 cm. In the same 
manner, the 2 common carotid arteries were 
doubly ligated and cut between ligatures. The 
cut ends of carotid vessels were about 6.5 cm 
apart. Of 7 dogs in the second group 2 had 
only the common carotid arteries cut, while 2 
had both vertebrals severed. In the fifth dog, 
both common carotids and one vertebral ar- 
tery were cut, and both vertebral and both 
internal carotid arteries were sectioned in the 
remaining 2 animals. Following operative 
procedure, the neck incision was closed in 2 
layers, and the dogs returned to their cages. 
Heart rate was determined by auscultation on 
each anesthetized dog in Group 1 (carotids 
and vertebrals cut): a) prior to surgical in- 
tervention, b) immediately after neck incision 
was closed, c) one hour following operation, 
d) daily for one week, and then e) at irregular 
intervals thereafter. The eyegrounds of all 
dogs were examined by ophthalmoscope at be- 
ginning of experiment, while each vessel was 
being ligated, and subsequently at irregular 
intervals during post-operative period. Rectal 
temperature was determined previous to anes- 
thesia, upon completion of surgery, and then 
once daily for a week following operation, 
after which monthly determinations were 
made. Behavioral changes were observed dur- 


ing initial weeks following operation; observa- 
tions continue to the present (Aug. to Dec. 
1959). The physical condition of the 2 
groups of dogs was compared frequently. Ex- 
cept for one case, no special treatment was ac- 
corded any dog over that of others maintained 
in animal hospital. The one dog exhibited 
signs of acute distemper on second post-oper- 
ative day, and 300,000 units of penicillin were 
administered twice daily for 2 days, after 
which the animal appeared to recover. 

Results. Group 1. With one exception, 
heart rate of all dogs in this group decreased 
progressively as each vessel was sectioned. In 
this dog, there was a marked, though transi- 
ent, increase in rate. One hour after incision 
was Closed, the heart rate in each animal was 
below its pre-operative level. The results are 
summarized in Table I. All dogs exhibited a 
steady increase in heart rate with a return to 
initial normal levels approximately 3 weeks 
post-operatively. This interval probably re- 
flects results of increasing collateral blood 
supply to the head, and correlates more or less 
with a return to more normal behavioral ac- 
tivity. 

Daily intake of food and water was normal. 
No differences in fecal or urinary excretion 
compared with intact dogs were observed in 
the 2 groups of experimental animals. 

Body temperature was slightly depressed 
below normal range of 100°-102.5°F follow- 
ing operation, but returned to normal limits 
about 24 hours in all but 2 dogs which main- 
tained a consistent unexplained temperature 
between 103° and 103.6° F for 2 weeks fol- 
lowing surgery. Temperatures eventually re- 
turned to normal. Daily temperature deter- 
minations during the post-operative week 
showed no significant departure from normal 
in the other 5 dogs. 

The miosis produced by morphine made vis- 
ualization of eyegrounds somewhat difficult. 
Nevertheless, no changes could be observed in 
caliber of retinal vessels as various arteries in 
the neck were tied, nor has any change become 
apparent in subsequent examinations. The 
color of optic disk, retina and tapetum re- 
mains normal throughout period of observa- 
tion. 

Tongue and mucous membranes of mouth 
became progressively more pale as each artery 
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TABLE I. Changes in Heart Rate Following Section of Carotid and Vertebral Arteries in 7 


ogs. 
ee re Wee OSS ee ie ee eee 
Se ee 


H.R. after 
cutting both 


Pre-op. car. and vert. H.R. 1 hr ELR. 24hr H.R. 2ndwk H.R. 3rd wk 
H.R. arteries post-op. post-op. post-op. post-op. 
130 124 120 96 122 136 
156 122 102 140 140 148 
152 136 66 88 126 154 
146 96 60 112 138 158 
120 228 90 110 136 142 
176 150 100 86 126 156 
156 148 86 92 148 168 
was tied. Following occlusion of last vessel, areas. Hair loss was first noticed beginning 


mouth and tongue were strikingly anemic and 
cool to the touch. There has since been an in- 
crease in color of these tissues, but they do 
not approximate their normal pink color when 
compared with that of intact dogs. 

During 2 to 3 weeks following operative 
procedure, animals remained markedly le- 
thargic and apathetic. Stimulation with pin- 
pricks, pinching or loud noises failed to arouse 
them. They often were asleep with their 
heads buried, curled up in corner of cage. 
Although confined to individual cages in a 
room containing 60 other dogs that barked 
loudly as one entered the room, these dogs 
continued sleeping; or, if awake, would ob- 
serve the investigator with no detectable sign 
of interest. When removed from cage for ex- 
amination, they remained still. 

From third week to the present, the dogs 
showed signs of increasingly normal activity, 
moving about, and evidencing normal curi- 
osity when removed from cages. Pinching the 
footpad elicited normal withdrawal reaction. 
The dogs may wag their tails when ap- 
proached, and show other overt signs of 
awareness and interest in their surroundings, 
but demonstrate little enthusiasm. Their gait 
is normal when led about on a leash. They 
do not display typical bravado of many long- 
caged dogs, i.¢., fierce barking, threatening at- 
titude, etc. One of the animals selected for 
operation was regarded by animal caretakers 
as extremely vicious. Since the time of oper- 
ation, this animal has become as docile as 
other members of the group. 

The physical condition is striking after 4 
months, in dogs of Group 1. They are mark- 
edly emaciated, with decrease in amount of 
hair over entire body, with a few denuded 


in the head, especially about the eyes, and 
gradually involved remainder of body. The 
remaining hair is harsh, dry and brittle, re- 
sembling that seen in hypothyroidism. The 
skin over most of body is white, dry and scaly. 
The ribs protrude giving a washboard appear- 
ance. Legs of all dogs are markedly edema- 
tous. The animals walk somewhat hesitantly. 
The skin over legs, unlike that of head and 
trunk, is moderately hyperemic, and covered 
with very little hair. 

Group 2. The 7 dogs appear normal. Com- 
parison of appearance of a dog from Group 1 
and one from Group 2 may be observed in 
Fig. 1 and 2. The dogs in Group 2 are in 
good physical condition, normally alert and 
friendly, and the hair is full, bright and 
glossy. 

Discussion. While most animals, including 
man, will not tolerate sudden occlusion of 
carotid and vertebral arteries, this procedure 
in the dog is not incompatible with life. A 
chronic experiment of this type was attempted 
by 2 other investigators(1,2). Cooper(1) li- 
gated both common carotid and vertebral ar- 
teries in a dog which he sacrificed 9 months 
later. He observed none of the physical 
changes shown in our dogs subjected to the 
same operative procedure; he noted his <ani- 
mal “became a good house dog.” It is well 
known that ligatures about blood vessels may 
become loosened or disappear with subsequent 
canalization of thrombi located at former site 
of ligature. It was to preclude this possibility 
that arteries of our dogs were sectioned rather 
than tied. Consideration of the excellent con- 
dition of all dogs in Group 2 lead to the as- 
sumption that canalization may have occurred 
in Cooper’s dog with eventual restoration of 
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oS ee 
FIG. 1. Dog from Group 1, 4 mo after section of 

both common carotid and both vertebral arteries. 
FIG. 2. Dog from Group 2, 4 mo after section of 

both common ecarotids and one vertebral artery. 


adequate blood supply to the brain. We 
showed that patency of even one of the 4 ma- 
jor arteries supplying the head does not result 
in changes observed after all 4 vessels are sec- 
tioned.” Our findings are not in accord with 
the comment by Guyton(7) that the vertebral 
arteries alone cannot adequately supply the 
entire head with blood, although he notes later 
that it is difficult to determine the precise de- 
gree of cerebral ischemia after carotid and 
vertebral ligation. 

It is evident from these observations that 
a rich collateral circulation to the head of the 
dog exists, and that it becomes functional very 
quickly to sustain at least some blood supply 
to vital tissues within brain stem and head. 
That the brain in such cases appears to be 
supplied preferentially before the remainder 
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of the head might be expected because the 
initial remaining arterial supply is by way of 
the anterior spinal artery through the basilar 
artery to the Circle of Willis, and thence into 
internal carotid and through the anastomotic 
artery to the external carotid circulation. The 
anatomic basis for this observation is being 
reported separately. 


Some confirmation of this selective pathway 
may be inferred from the following experi- 
mental observations. Blood vessels supplying 
the retina are direct branches of arteries aris- 
ing from the Circle of Willis. After each of 
the carotid and vertebral arteries was sec- 
tioned, there appeared to be no observable 
change in diameter of these vessels. On the 
other hand, tongue and mucous membranes of 
mouth appeared strikingly pale following in- 
terruption of the 4 major arteries to the head. 
This subjective finding is strengthened some- 
what by comparison of the macerated, latex- 
injected tongue of a normal dog with that of 
a dog whose carotid and vertebral arteries had 
been sectioned. While the tongue of intact 
dog showed normal, very profuse vascular sup- 
ply to this structure, that of the operated dog 
was markedly deficient in number of injected 
vessels. Only about the sides and tip of the 
tongue did it resemble that of the normal con- 
trol, the remainder showing many areas almost 
devoid of any but the largest branches of the 
lingual artery. 

Hill(2) noted that retinal arteries appeared 
to be diminished in caliber, while veins were 
enlarged 3 days following ligation of carotid 
and vertebral arteries. His observation is 
difficult to interpret in view of our findings, 
and the fact that he did not section the ar- 
teries which he ligated. The possibility ex- 
ists that the condition was present previous 
to ligation. He records no pre-operative ob- 
servations. 

The dull behavior of dogs in Group 1 might 
possibly be attributed to some disturbance in 
cortical function due to a decrease in blood 
supply to the brain. This aspect is being in- 
vestigated, and histopathologic studies are 
being conducted to determine such structural 
changes as may occur. 

No explanation based on experimental evi- 
dence is advanced at this time for edema of 
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the extremities, emaciation or hair loss. 
Summary. 1. In a group of 7 dogs, the 
common carotid and vertebral arteries were 
doubly ligated and sectioned. In a second 
group of 7 dogs, common carotids were cut in 
2 animals, vertebral arteries in another 2, ver- 
tebrals and internal carotids in another 2, and 
common carotids and one vertebral in one 
dog. 2. Animals in both groups survived 4 
months from August to December, 1959. 
Heart rates, body temperatures and _ eye- 
grounds remained essentially normal in ani- 
mals of both groups. Of dogs in the first 
group (carotid and vertebral arteries cut), in- 
telligence and alertness appear somewhat im- 
paired, and physical condition is poor, with 
marked emaciation, hair loss, and edema of 
the extremities. All animals in second group 
appear normal in all respects. 3. The pres- 
ence of known arterial anastomoses makes 
complete cerebral anemia most unlikely fol- 
lowing section of both common carotid and 
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both vertebral arteries in the dog. It is con- 
cluded that permanent interruption of the 
carotid and vertebral arterial supply to the 
head and brain of the dog is not incompatible 
with life, and that collateral circulation to the 
head is adequate to sustain life for at least 4 
months. 
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Considerable attention has been given to 
the role of plasma albumin bound free fatty 
acids (NEFA/UFA) in mobilization and 
transport of lipids(1). The interrelation of 
plasma NEFA and carbohydrate has been em- 
phasized(2,3). The observed fall in plasma 
NEFA in response to insulin has been attrib- 
uted to an action of insulin to inhibit NEFA 
release from adipose tissue. This conclusion 
is based on the evidence: 1) that insulin in- 
hibits release of NEFA from adipose tissue 
in vitro(4); 2) that insulin effects changes in 
plasma C!# NEFA specific activity(5); and 
3) that glucose and insulin abolish A-V dif- 
ferences in plasma NEFA(6). Stein and 
Shapiro injected C1 palmitic and linoleic acid 
into the mesenteric vein of anesthetized rats 

* Supported by research grants from USPHS and 
Eli Lilly and Co., Indianapolis, Ind. 


(7). These studies have demonstrated that 
the liver rapidly removes labeled fatty acids 
from plasma and incorporates them into he- 
patic triglycerides and phospholipids. The 
present report describes the effect of insulin 
on the measured rate of removal of plasma 
NEFA by the liver in normal unanesthetized 
dogs. 

Methods and materials. Eight experiments 
were performed on 4 male and 4 female mon- 
grel dogs weighing 16 to 22 (average 19) kg. 
The hepatic vessels were catheterized with 
large plastic tubing by a previously described 
technic 2 to 7 days prior to experiments(8). 
All dogs were studied in an unanesthetized 
state without sedation after having been 
fasted overnight. Arterial, portal and hepatic 
venous blood was withdrawn by a constant 
aspiration pump, so that 4-6 contemporane- 
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ous, 10 minute integrated samples were ob- 
tained consecutively before and after insulin 
administration. In all instances blood from 
a donor dog was used to replace quantitatively 
the sampled blood. HGF-free insulin was 
constantly infused into the portal vein in 
doses of 0.0016 to 0.0033 u/kg/min. Hepatic 
plasma flow (HPF) was measured by a modi- 
fied bromsulphalein method(9). NEFA de- 
terminations were made on 1 ml aliquots of 
the same plasma used for measuring plasma 
flow. The method of Dole was followed ex- 
cept that the Thymol blue indicator was ti- 
trated to the desired end point both before 
and after addition of the heptane extract. 
Thus, each sample had, in effect, its own 
blank. This was done in order to increase 
the accuracy of the concentration gradients 
measured on relatively small samples. Data 
presented here include: 1) measured concen- 
trations of NEFA in arterial, portal and he- 
patic venous plasma; 2) portal-hepatic ve- 
nous and arterial portal venous concentration 
gradients; 3) estimation of rate of hepatic 
uptake of NEFA obtained by multiplying the 
portal-hepatic venous plasma NEFA gradient 
by the HPF; 4) an approximation of output 
of NEFA from the splanchnic area. By mak- 
ing the assumption that ratio of portal venous 
blood flow to hepatic arterial blood flow is 
constant during the experiment, it is possible 
to obtain a first approximation of rate of 
splanchnic NEFA output. Blalock and Ma- 
son(10) found in the unanesthetized dog that 
portal vein blood flow comprised an average 
of 80.5% of total hepatic blood flow. NEFA 
output therefore was calculated by multiply- 
ing the arterial-portal venous plasma NEFA 
gradient by 80.5% of total hepatic plasma 
flow. 

Results. Mean arterial plasma concentra- 
tion of NEFA for the series was .84 meq/1 
during the control period. During the first 
hour after insulin administration, average ar- 
terial plasma NEFA concentration fell to .72 
meq/l. The lowest arterial concentration for 
the series during this period averaged 0.55 
meq/l. With one exception this nadir oc- 
curred at, or near, the end of the hour. Mean 
portal and hepatic venous plasma NEFA con- 
centrations are illustrated in Fig. 1. 
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FIG. 1 (top). Mean values of portal and hepatic 
venous NEFA concentration before and after insu- 
lin administration. 

FIG. 2 (bottom). Mean rate of hepatic uptake 
of NEFA during control period and as function of 
time after insulin administration. 


Plasma concentration gradients of NEFA 
across the liver and across the non-hepatic 
splanchnic area are summarized in Table I. 
Mean hepatic portal-venous concentration 
gradient was negative in the control period 
(—.016 meq/l), indicating that the liver was 
taking up NEFA. This negative gradient in- 
creased to a mean of —.021 meq/I after insulin 
administration. Mean portal-arterial concen- 
tration gradient was obtained in 6 dogs of the 
series during the control period; in 3 of these 
dogs the gradient was positive; in 3, it was 
negative. In the control period mean portal- 
arterial gradient was .020 meq/Il. After insu- 
lin this gradient decreased to a mean of —.002 
meq/I. 

When the values of all animals were taken 
together, there were sufficient observations 
both in the control period and after insulin 
administration for statistical evaluation. Ex- 
pressed as mean + S.E. calculated hepatic 
uptake of NEFA was 0.049 + .016 meq/min 


Hepatic Uptake or NEFA 587 
¥ 
TABLE LL, Mean Concentrations, Gradients and Output of NEFA before and after Insulin. 
Control After insulin Net change 
NEFA portal vein .90 meq/| 77 meq/1 —13 meq/1 (iu 
< hepatic ” niles 56 ails} 
arterial ” 84 2 —12 
Hepatic-portal = Se =,22 —.06 
Portal-arterial* +.03 -,01 —.04 
Hepatic NEFA outputt — .049 +.016 meq/min.$ —150 +.025 meq/min.t —.101 meq/min.} 
Splanchnic NEFA outputt  +.020 % —.002 z: ~.022 s 


* Based on 6 experiments only. 


t Means and 8.E. derived by considering all control observations of series together and com- 
paring these with all observations made in experimental period. 
{ Uptake is represented as a negative output or gradient. 


before and 0.150 + .025 meq/min after insu- 
lin (P .001). Changes in hepatic NEFA up- 
take as a function of time after insulin are il- 
lustrated in Fig. 2. 

The mean NEFA output of the non-hepatic 
splanchnic area was +.020 + .016 meq/min 
before and —.002 + .017 meq/min after insu- 
lin, an increment of +.022 meq/min over con- 
trol levels. This change was not statistically 
significant. 

Discussion. Studies with labeled fatty acids 
have indicated that these substances are rap- 
idly removed from the blood and converted in 
part to triglyceride, presumably in the liver 
(7,11). The studies presented here have at- 
tempted to quantify rate of removal of NEFA 
by the liver in a control period before and 
after insulin administration. They indicate 
that after an infusion of glucagon-free insulin 
there is an immediate and pronounced increase 
in rate of hepatic removal of NEFA from 
portal blood. If it may be assumed that ar- 
terial NEFA concentration represents that of 
the extracellular phase and that the latter 
comprises 30% of total body weight, calcula- 
tion of mean decrease of total extracellular 
NEFA is permitted. The calculated decrease 
in this series was found to be 0.68 meq. The 
mean net increase in hepatic NEFA uptake 
over that of the control period in this series 
was found to be 0.61 meq after insulin admin- 
istration. Thus, the increase in rate of NEFA 
uptake by the liver was almost enough (90% ) 
to account for the decrease in total plasma and 
extracellular NEFA observed in this series 
during the first hour after insulin administra- 
tion. 

In the data presented herein, the authors 
have been unable to find a statistically sig- 
nificant change in output of NEFA from the 


non-hepatic splanchnic area after insulin ad- 
ministration. These conclusions differ with 
those of other workers who have concluded 
from turnover studies and im vitro systems 
that the fall in plasma NEFA is due to a 
diminution of NEFA released from adipose 
tissue(4,5). The non-hepatic splanchnic area 
is comprised of intestinal tract, parenchymal 
organs as pancreas and spleen, and large 
stores of mesenteric and omental fat. The 
gradient, as well as net output or uptake of 
this area, therefore, represent the influence 
of both the gut and the intraperitoneal fat 
stores. The assumption has frequently been 
made that this splanchnic area is metaboli- 
cally inactive in the fasting state. However, it 
has been demonstrated that this area is re-. 
markably active in taking up glucose after 
insulin administration(12). We feel that at 
present time there are insufficient data to 
measure concomitantly the relative contribu- 
tion of liver and body adipose tissue, per se, 
to the fall in plasma NEFA after insulin in 
the in vivo state. 

An immediate effect of insulin which modi- 
fies hepatic lipid metabolism has been noted 
in a number of instances (13,14,15). If there 
is an action of insulin which increases hepatic 
fatty acid synthesis, such an effect would not 
necessarily be expected to increase NEFA up- 
take by the liver. If, however, fatty acid syn- 
thesis is stimulated by an increase in rate of 
esterification to triglyceride, as suggested by 
Balmain, e¢ al.(16,17) for mammary tissue, 
then it is reasonable to expect that an increase 
in triglyceride formation would increase he- 
patic NEFA clearance. On the basis of these 
data one may be led to speculate or predict 
that there may be an increased hepatic output 
of triglycerides concomitant with the in- 
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creased uptake of NEFA following adminis- 
tration of insulin. 

Summary. Concentrations of NEFA in 
plasma of blood obtained from splenic artery, 
portal and hepatic veins were measured in un- 
anesthetized dogs together with hepatic plas- 
ma flow. Rates of hepatic and non-hepatic 
splanchnic uptake or output of NEFA were 
calculated before and after insulin administra- 
tion. A marked increase in rate of hepatic 
uptake of NEFA was observed after insulin 
administration. No significant change in rate 
of NEFA output from non-hepatic splanchnic 
area was found. 
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D-sorbitol in large doses can enhance intes- 
tinal absorption of Vit. By. under appropri- 
ate conditions in man(1) and rats(2). This 
phenomenon may be (a) due to formation of 
a chemical derivative of sorbitol in the gastro- 
intestinal tract which can enhance absorption 
(3), or (b) due to physical characteristics of 
the concentrated sorbitol solution. Therefore, 
some commercially available surfactants 
which are derivatives of sorbitol and the im- 
portance of the physical characteristics of the 
administered solution in enhancement of Vit. 
Bi. absorption were studied. This communi- 
cation reports the results of such studies and 
presents a hypothesis on the mechanism of en- 
hancement of Vit. Bi. absorption by such 
compounds. 

Methods. Measurement of Vit. By. absorp- 


- of Co®Bi2 by another stomach tube. 


* Supported by Grant-in-Aid from U.S.P.HLS. 


tion. Adult rats were fed by stomach tube 
50 mug or 1000 myg of aqueous radioactive 
Co“’Byo with a total radioactivity of 50 and © 
100 myc, respectively. Absorption was meas- 
ured by fecal recovery of radioactivity in 4 
days, or only by organ uptake of radioactivity 
2 days after administration when the latter 
dose was used. Determination of radioactiv- 
ity in feces and organs has already been de- 
scribed(4). In some instances “Intestinal 
Loop” technic(5) was used. 

Results. Effect of surface active agents on 
Vit. By, absorption.t One group of rats was 
given by a stomach tube 1 cc of undiluted 
Tween 80 and immediately afterwards 1 cc 
An- 


other received 


group of control animals 


+ Surface active agents used were obtained from 
Atlas Powder Co. 
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TABLE I. Effect of Tween 80 on Intestinal Absorption of Co®Byy. 


Organ uptake of radioactiv- 


B,, dose No.of — Feeal absorp- ity (mug) 

Study (mug) Group rats tion test (mug) Liver Kidneys 
A 50 Control* 3 17.6 +1.3 2.50 + .06 1.95 + .39 
Tween 80+ 3 30.7 + 2.7 4.92 + .73 2.78 = 2389 
B 50 Control* 5 14.0 + 2.3 1.70 + .37 1.49 + .15 
Tween 80t 3 36.2 + .3 3.75 + .49 3.414 .29 

C 1,000 Control* 3 8.8 + ..7 19.4 +2.2 

Tween 80+ 3 26.1 +2.0 48.2 +2.4 
D 50 Controlt 4 22M == 5 2.42 + .40 6.30 +1.52 
Tween 80¢ 4 259+ 2 2.43 + .45 5.74 41.43 

(diluted) 
* One ce water immediately followed by 1 ce of Co”Byp. 


t One ce undiluted Tween 80 immediately followed by 1 ce of Co®B,». 
+ Ten ce water (control) or 1/10 diluted Tween 80 followed bysliceiorCo“ Be: 


1 cc of water instead of Tween 80. The 
results (Table I) demonstrate clearly that ad- 
ministration of Co®By. preceded by adminis- 
tration of undiluted Tween 80 results in 
greater absorption (p<0.05) at both doses of 
50 and 1000 mug. However, when the same 
amount of Tween 80 was diluted first 10-fold 
with water and administered, this effect was 
no more demonstrable, in spite of the fact that 
the same amounts of Tween 80 and CoB)» 
were administered. 

Several other surface active compounds 
with the nucleus of sorbitol (Span 85, Tween 
20, Tween 85, G-1096 and G-672) as well as 
those without it (Arlacel A and Myrj 52) 
were tested. They were selected because of 
their hydrophile-lipophile balance values 


ranged widely from 1.8 to 16.9. The typical 
results from a series of experiments are pre- 
sented in Table II. The results of Study A 
demonstrated that only G-i1096 among the 
compounds tested increased absorption sig- 
nificantly, and Study B demonstrated ability 
of Tween 85 to enhance absorption. Taken 
collectively, the results show that not all sor- 
bitol-containing compounds are capable of en- 
hancing absorption, and confirmed our previ- 
ous results that dilution of Tween 80 abol- 
ished the ability to enhance the absorption of 
Vit. Bio. 

Since surfactants and Co®°B;2 were not pre- 
mixed before feeding, it was of interest to ex- 
amine the physical state of such a mixture, 
even in vitro. When any one of these 3 sur- 


TABLE II. Effects of Various Surface Active Agents on Absorption of Co®B,,.* 


Organ uptake of 
radioactivity (mpg) 


No. of Fecal absorp- 

Study Agentst (1 ec) Chemical form rats tion test (mug) Liver Kidneys 
A Control 3 21.7 +1.6 3.39 +.14 1.71 +.97 
Tween 80 (10%) Polyoxyethylene sorbi- 3 Up yoyete Ah// 3.65 =.69 1.93 =5.41 

tan monooleate 
Span 85 Sorbitan trioleate 3 Qe ae 5) 2.88 +=.15  1.62°=6.29 
G-1096 Polyoxyethylene sorbi- 3 36.2 22 1.0 4,86 4.29 2.62 +.29 

tan hexaoleate 
G-672 Glycerol sorbitan o 23.6 + 2.6 2.55 +.83 143 +.28 

laureate 

B Control 5 17.4 + 2.7 SON Sees RI tee) 
Tween 80 (20%) 4 NGG ae tes) 3.11 4.29 3.11 +.26 
ie 0) Sorbitan monolaureate 3 24.8 + 2.2 3.02 +.28 2.81 +.58 
SO Sorbitan trioleate 3 Bier ae Ae 4.98+.09 5.51 +.09 
Arlacel A Mannide monooleate 3 31.0 + 4.2 4.16+.81 3.86 +.44 
Myrj 52 Polyoxyethylene stear- 3 25.2 + 3.9 2.94+.33 4.86 +.99 


ate 


* 50 mug Co®B,, administered orally. 


+ Undiluted surface active agents were used except Tween 80. 
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TABLE ITI. Effects of Salts on Absorption of Co®By». 


Organ uptake of radioactivity 


Vit. By. dose No. of : (mug) ; 

Study (mug) Group rats Liver Kidneys 
I 50 Control 3 154+ .32 4.60 + .72 
30% MgSO, - 7H,O—1 ce 4 DA 6.47 £1.08 

IT 1,000 Control 4 8.0 +2.4 12:5 ==2.8 

30% MgSO, + 7H,O—1 ce 4 Wie Eyal) 81.5 =E4.5 

IIL a Control 5 U@ seilon 24.1 +3.5 

4% MgSO, - 7H,O—1 ce 3 15.0 +2.5 35.1 +4.1 

25% Na,HPO,+12H,0—2ce 4 Ng Sells: Bile! Sebi 


factants which could enhance absorption was 
mixed with water in the proportion used, a 
very thick vaseline-like product was formed. 
The other surfactants which did not enhance 
absorption, either did not mix with water or 
increased fluidity without jelly formation. 
Thus, such a difference in physical character- 
istics may have some bearing on ability to en- 
hance Vit. Biz. absorption by reducing the 
rate of descent into the intestine. 

Rate of passage of Co*’B,, in digestive 
tract after administration. A study was de- 
signed to measure rate of passage of Co® Bis 
from the stomach in presence or absence of 
Tween 80. Twelve rats were divided into 2 
groups: 6 received 1 cc of undiluted Tween 80 
and then 1 cc of Co®°By.. The other 6 con- 
trols received the same volume of water and 
Co®’By2. Two rats in each group were sacri- 
ficed at 1, 2 and 4 hours after oral administra- 
tion. The digestive tract was divided into 
stomach, proximal-, middle- and distal % 
of the small intestine, and cecum, and radio- 
activity in each section measured. It was 
found that 1 hour after administration, more 
than 70% of radioactivity was already in the 
distal 1 of the small intestine and only 1% 
remained in the stomach in control rats: in 
experimental group, the stomach still retained 
53% of radioactivity. This trend of delayed 
passage of Co®’By» in the Tween 80 group was 
also apparent 2 and 4 hours after administra- 


tion. The physical state of the mixture con- 
taining CoB. was such that the stomach 
could not evacuate it as fast as it could when 
present in solution. 

Effect of salt solution on absorption. The 
effect of co-administration of Vit. By. and a 
cathartic which may accelerate passage of Vit. 
By, in the intestine was studied. When | cc 
of 30% MgSO, - 7H2O was fed immediately 
before oral dose of Co®By2, absorption was 
enhanced (Table III). The effect was even 
more easily detectable when a larger Vit. Bis 
dose (1000 mpg) was used. When 2 cc of 
25% NazHPO, * 12H2O was used, absorption 
was also increased. However, when 1 cc of 
isotonic solution of MgSO, * 7H2O (4%) was 
given, the effect was less marked. It was 
noted that the animals receiving hypertonic 
solutions of both salts developed mild to mod- 
erate diarrhea. 

Effect of Tween 80 and magnesium sulfate 
on intestinal wall. We have recently described 
a technic using a surgically prepared intes- 
tinal loop for assessment of absorption of Vit. 
By in the presence of known amounts of in- 
trinsic factor or other substances which influ- 
ence absorption(5). This procedure was used 
to study the effect of surfactants and hyper- 
tonic salt solutions. In Study A, the effect 
of Tween 80 solution was compared with that 
of stomach extract when 50 mpg of Co® By» 
was administered. The results (Table IV) 


TABLE IV. Absorption of Vit. B,. as Measured with ‘‘Loop’’ Technic. 


Bye dose Nowet Radioactivity recovered (myg) 
Study (nyug) Group ats Loop Liver Kidneys 
A 50 Control + Mil se gilil Nec allel Hae My 
Tween 80 (20%—0.5 ec) 6 49.24 .49 64+ .11 24+ 07 
Stomach extract, 5 29.4+ .88 5.40 + .40 2.47 + .46 
B 1,000 Control 3 809) E11 Pp) seal 33.5 +4.3 
MgSO,+-7H.0 (15%—1l ee) 4 941 +10 6.0 +1.0 5.2 42.1 


Vir. By» ABSORPTION 
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indicate that absorption by the loop was not 
enhanced as it was when the whole animals 
were studied. There was even a slight de- 
crease in absorption by Tween 80, as indicated 
by kidney uptake of radioactivity. One cc 
of 15% of MgSO, + 7H2O markedly reduced 
absorption of the test dose of 1000 mpg 
(Study B). 

Discussion. Absorption of Vit. By: can be 
enhanced by a large dose of D-sorbitol, but 
the mechanism is not understood. It is pos- 
sible that the active agent is some chemical 
derivative of sorbitol formed in the gastroin- 
testinal tract. For this reason, we have stud- 
ied the effect of some readily available deriva- 
tives of sorbitol with surface activity. It was 
found that pre-administration of certain but 
not all of sorbitol containing compounds 
would increase Vit. By. absorption. This in- 
crease is not related to surfactant activity. 
The 3 tested surfactants with ability to en- 
hance absorption (Tween 80, Tween 85 and 
G-1096) have the common physical charac- 
teristics of becoming a jelly-like mixture when 
mixed with an equal volume of water. Thus, 
the observed phenomenon may be due to the 
physical rather than chemical state. When 
the effective dose of Tween 80 was pre-di- 
luted with water to a fluid state and then ad- 
ministered, no increase in absorption was ob- 
served. The aqueous CoBy,,. solution will 
probably become a semi-solid mixture upon 
contact with one of the effective compounds 
in the stomach and the speed of descent of 
CoB, from the stomach is greatly reduced. 
Since no correlation was observed between 
chemical structure and enhancement of ab- 
sorption, it is presumed that the time during 
which Vit. B;2 remains in the stomach might 
play a dominant role in enhancement of ab- 
sorption. It is conceivable that the slow pas- 
sage in the gastrointestinal tract allows maxi- 
mum time for intrinsic factor in the stomach 
to react with Vit. By. or a longer reacting 
time between Vit. B,2 and the intestinal mu- 
cosal receptor. The former mechanism seems 
unlikely because of the results of the experi- 
ment in which CoB, was allowed to be re- 
tained in the stomach for 2 hours by ligation 
of the pylorus and absorption of such a dose 
of Vit. By2 was not increased by fecal meas- 
urement or by organ uptake. 
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Intestinal absorption is a function of time; 
therefore, it is likely that absorption of Vit. 
Bi» is dependent upon its mobility through 
the digestive tract. A slower descent of Vit. 
Bye in the intestine will provide a_ better 
chance for the receptor to bind with Vit. By». 
If this were the only controlling factor, ad- 
ministration of cathartics might have the op- 
posite effect. Contrary to such expectation, 
absorption of Vit. By. at 1000 mug dose ad- 
ministered with a hypertonic salt solution re- 
sulted in absorption 2 times greater than that 
of Vit. By. without the salt solution. Since 
both magnesium sulfate and disodium phos- 
phate exerted a similar effect, the phenomenon 
may not be limited to these 2 salts. Uptake 
of Co® Bi» by resting Lactobacillus leichman- 
nu organisms(6) is inhibited by high salt con- 
centrations in vitro. Addition of salt would fa- 
vor intrinsic factor in its competition for Vit. 
By binding in the digestive tract with micro- 
organisms. However, absorption of Vit. By. in 
presence of magnesium sulfate from the small 
intestine when tested with the “loop” technic 
was markedly reduced. It is conceivable that 
absorption of 1000 myg dose of Vit. Byo in 
presence of hypertonic salts is partly achieved 
from the cecal wall, and that hypertonicity of 
the salt administered orally is reduced by the 
time it reaches the active site of absorption 
and thus adverse effect of hypertonicity on the 
intestinal wall is minimized. D-sorbitol in 
higher concentrations also interferes with ab- 
sorption of Vit. By» from the small intestine 
by the “loop” technic(7). Therefore, the ef- 
fect of hypertonic salt solution on Vit. Bye 
absorption is similar to that of D-sorbitol in 
that both exert absorption enhancing effect in 
its high concentrations when administered 
orally to intact rats and yet both inhibit ab- 
sorption when applied directly into an isolated 
loop of the small intestine. 

Summary. Two means of enhancing Vit. 
By. absorption in rats have been described. 
It was found that certain surface active 
agents, such as Tween 80, Tween 85 and G- 
1096, which form a semi-solid matter with an 
equal volume of water markedly enhanced ab- 
sorption of Co® By. when fed by stomach tube 
immediately before oral dose of Co®By2. The 
effect was abolished upon dilution of the agent 
with water before administration. Oral Vit. 
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Bio preceded by one of these undiluted com- 
pounds evacuated from the stomach at a much 
slower rate than without pre-administration of 
the compound. Saline cathartics such as hy- 
pertonic solutions of magnesium sulfate and 
disodium phosphate also enhanced absorption 
of Vit. By. when administered in the same 
way. However, when tested with “intestinal 
loop” technic, neither surfactants nor salt so- 
lutions were able to substitute for gastric in- 
trinsic factor. The possible mechanisms for 
the observed phenomenon of enhancement of 
absorption have been-discussed. 
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F. B. ArMstronc,t S. MarcEN AND H. TARVER 
Dept. of Biochemistry, School of Medicine, University of California, San Francisco 


We reported(1) inability to find significant 
breakdown of homologous albumin labeled 
with C'™ in vitro in any slice or homogenate 
system prepared from rat tissues, with the ex- 
ception of spleen homogenate. These results 
are in accord with those obtained by Katz and 
Sellers(2), but disagree with those of Roberts 
and Kelley(3) who reported rapid break- 
down of serum albumin in slices prepared 
from rat livers. However, it is necessary to 
postulate that breakdown occurs at some site 
in the animal to account for the rapid turn- 
over of serum albumin observed in numerous 
investigations im vivo(4). It is possible that 
albumin and perhaps other plasma proteins 
continually ‘leak’ into the gastro-intestinal 
tract where they are hydrolyzed. Cellular bar- 
riers are permeable in many cases to plasma 
proteins. Thus, both albumins and globulins 
pass rapidly from plasma into lymph in all 
species which have been investigated (5,6,7) ; 
they pass from the circulation into the peri- 
toneal cavity and back(8,9,10) and into milk 


* Aided by grants from Am. Cancer Soc. and 
WSOP ss). 
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(11,12). It has also been shown that, in the 
guinea pig, plasma proteins are transferred 
across the placenta to the fetus(13), and, as 
is well known from immunological investiga- 
tions and recent isotopic work, globulins are 
absorbed from the gut of newly born animals 
(14). To demonstrate such a loss of albumin 
into the gut from the blood stream, 2 types 
of experimental method were used, (a) the 
washing method, and (b) the freezing method. 
In both methods rabbits were first injected 
with either albumin-I**! or iodide-I"*". In the 
washing method, the lumen of an isolated sec- 
tion of the gut was continuously washed for 
several hours with a dilute albumin solution; 
in the freezing method an isolated section of 
gut was injected with an albumin solution; 
the section was immediately excised and 
frozen in an acetone-dry ice bath. While still 
frozen the tissue was removed leaving the core 
of frozen albumin-containing solution. Dis- 
tribution of radioactivity in the albumin so- 
lutions so obtained was investigated. It is 
assumed that any radioactive albumin passing 
from the circulating blood into the gut would 
be trapped in the large volume of unlabeled 
albumin solution, and in the short time before 
enzyme action was stopped with trichloro- 
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acetic acid (TCA), or freezing it would not be 
extensively broken down. 

Methods. The iodinated albumin (bovine 
or rabbit, 100 mg) was prepared by a modifi- 
cation of the method of Gilmore and cowork- 
ers(17) and freed from excess iodide-iodine 
by dialysis against buffers containing a trace 
of thiosulfate and distilled water. Sufficient 
iodine was used to provide 4 atoms per mole of 
albumin. Assays for radioactivity were done 
in a well-type scintillation counter. The 
starved (24 hr) rabbits used in the washing- 
type experiments were sedated with morphine, 
then anesthetized with sodium pentobarbital. 
An incision was made in the abdomen, and a 
section of the intestine was removed and cut 
about 5 inches below the stomach. The ap- 
paratus (Fig. 1) was inserted in place about 
12 inches below site of the cut. With this 
arrangement of balloons a section of the in- 
testine was isolated, and the section was con- 
tinually washed by circulating a solution 
through it via the small diameter polyvinyl 
tubing. Great care was taken not to damage 
the intestine during the operation so that no 
blood appeared in the section being washed. 
The washing solution used was 1% albumin 
(either bovine or rabbit) in Krebs-Ringer- 
bicarbonate buffer at pH 7.8, flowing at a 
rate of about 1 ml per min. Outflow was col- 
lected directly in an equal volume of 20% 
TCA. When the washing solution had been 
flowing for 30 min., the albumin-I'*! or iodide 
was injected intravenously in amounts indi- 
cated in the captions to Fig. 2, 3, 4. Washing 
solution and blood samples were collected as 
indicated. Assays for radioactivity were made 
in the TCA-soluble and insoluble fractions. 
Small samples of the washing solution, ob- 
tained before precipitation with TCA, were 
tested for blood by the benzidine method. 
Experiments involving the freezing technic 
were carried out as follows: Each rabbit was 
lightly anesthetized and injected with albu- 
min-I'*1 jn amounts shown in Tables I and 
II. The animal was then left undisturbed for 
an hour, then deeply anesthetized. An in- 
cision was made in the abdomen, and a section 
of the duodenum was gently encircled at each 
end with 0.25 in. umbilical tape. The 2 
pieces of tape were constricted, and albumin 
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solution was injected carefully through a 27 
gauge needle till the section was slightly dis- 
tended. The section was then quickly excised 
and frozen in a dry ice-acetone bath. The in- 
testinal wall was then peeled off following 
which the mucosa was scraped off, eventually 
leaving a frozen core representing contents of 
the intestinal lumen. After the core was 
thawed, the albumin solution was centrifuged 
to remove any remaining particles of mucosa, 
and solution was precipitated with TCA. Ra- 
dioactivities were determined as previously 
noted. Electrophoresis of TCA-insoluble 
protein was carried out as follows: The pre- 
cipitate was washed successively with 10% 
and 1%, TCA, then dissolved in 95% ethanol 
(18,19). Aliquots of the solution were sub- 
jected to zone electrophoresis on paper (What- 
man #3 MM) in barbital-barbituric acid at 
pH 8.6, ionic strentgh 0.05, or pH 6.8, in so- 
dium phosphate buffer 0.025 M for 18 hours 
at 200 volts. After drying, papers were 
stained with bromphenol blue (0.05% in 1% 
HgClo, 2% acetic acid). Then by making 
use of guide spots of serum albumin, the pa- 
per was cut into strips, which were counted in 
4 ml of 0.05 N NaOH in a vial in the scintil- 
lation counter. 


Results. Experiments involving washing of 
sections of the intestines of rabbits injected 
with either serum albumin-I'*! or iodine-I**" 
are shown in Fig. 2, 3, 4. When labeled pro- 
tein was injected a considerable amount of 
TCA-insoluble, as well as TCA-soluble ma- 
terial, appeared in the intestinal ‘excretion’ 
over the whole period of experiments (6.6 and 
4 hr, Fig. 2, 3). On the other hand when 
labeled iodide was injected none appeared in 
TCA-insoluble form in the intestine (Fig. 4). 
The activity appearing in TCA-insoluble form 
could not be accounted for on the basis of 
blood in the lumen, because the benzidine test 
remained negative. 


When the washing apparatus in the experi- 
ment on rabbit #10.0 (Fig. 2) was lowered to 
a previously unwashed section of intestine, in 
the following 30 minutes 2 x 10° cpm ap- 
peared in the washing solution. Of this ac- 
tivity 50% was TCA-insoluble. From this it 
must be concluded that appearance of activ- 
ity in the intestine in the first 6.6 hours was 
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Experimental Arrangement for Lavage of 
Rabbit Intestine in Vivo 
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FIG. 1. Experimental arrangement for washing lumen of an isolated section of intestine of 


rabbits. 
Gree 
rabbit 10 given serum albumin-I™ intray. 


FIG. 3. Distribution of radioactivity im washing 


rabbit 7.5 given serum albumin-I™ intray. 


FIG. 4. Distribution of radioactivity in washing 


rabbit 9.4 given iodide-I'*' intray. 


not due to damage to the tissue. 

From these experiments it is possible to 
make a rough estimate of actual amount of 
albumin appearing in the section of intestine. 
In the experiment with rabbit #10 mean 
specific activity of albumin in the blood over 
the 4 hour period of experiment was 5.4 x 10* 
cpm per mg, and mean ‘excretion’ rate was 
10.2 x 10* cpm per hr for TCA-insoluble ma- 
terial. In terms of albumin this represents a 
minimum excretion of 2 mg per hour for the 
short section of intestine. In the case of rab- 
bit #7.5 rate was 0.5 mg/hr. 

If it is assumed that rabbit #10 (4.5. kg) 
had a total albumin of 13.5 g, with a half-life 
of 194 hours, then rate of breakdown was 48 
mg/hr(20). In other words breakdown in the 
13 cm section of intestine represented 4% of 


Distribution of radioactivity in washing 


fluid from lumen of an intestinal loop of 
fluid from lumen of an intestinal loop of 


fluid from lumen of an intestinal loop of 


the total in vivo breakdown. In the rabbit 
#7.5 (3.4 kg) the observed rate of break- 
down in the section was less but still com- 
prised a significant fraction of the total. 
Therefore, from these experiments it must be 
concluded that, if excretion occurs elsewhere 
into the gut as comparable rates, a significant 
fraction of total albumin broken down by the 
rabbit may be accounted for by ‘leakage’ and 
breakdown in the gut. 

The results of experiments carried out by 
the freezing technic are given in Tables I and 
II. In these experiments, as in the above, con- 
siderable radioactivity was found in the lumen 
of the intestine of rabbits (#6, 8, 4, 5) 
injected with albumin-I''. Of this ac- 
tivity found in the lumen about 20% was 
TCA-insoluble. When this insoluble material 
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TABLE I. Transfer of Label from Albumin-I! in 
Ns : A : 
Serum to Intestinal Lumen (Freezing Technic). 

I 


Rabbit 6 8 ae 
Dose (epm X 10-8) + 1.8 2.5 03 
Activ. in blood after lhr 1600 604 None 
(epm/2.5 lambda) 
Activ. in lumen (epm), ey 6.4 06 
total s< LOx 
TCA-insol. (%) 22 15 None 


* Rabbit inj. with iodide-L'*', 
_t Free iodide in albumin-I preparations: Rab- 
bits 6 and 8, 1.5 and 1.6%. 


was subjected to electrophoresis, in the 2 
cases investigated (rabbits 4 and 5, Table 
II), about 40% -had the mobility and staining 
properties corresponding to those of serum 
albumin. About 20% moved from the origin 
but behaved differently from albumin, and the 
same per cent remained at origin, probably in 
the form of denatured protein. The remain- 
ing fraction, about 20%, was lost. 

These results, although not amenable to 
quantitative interpretation, show that labeled 
protein with the properties of albumin ap- 
pears in the lumen of the intestine of rabbits 
following injection of labeled albumin into 
the circulation. Since in these experiments 
the intestines were subjected to the very mini- 
mum of trauma, support is lent to the previous 
observations when the washing technic was 
employed. That part of the protein found in 
the lumen is actually the labeled albumin re- 
ceives support from the properties of the pro- 
tein. It is precipitable with TCA, yet TCA- 
protein is soluble in 95% alcohol, a rather 
unique property of albumin(18,19), and the 
protein moves with the same mobility as al- 
TABLE IT. Nature of Label Transferred from Al- 


bumin-I! in Serum to Intestinal Lumen (Freezing 
Technic). 


Rabbit 4* i) 
Dose (epm X 10°) 3.3 4,8 
Length of section (in) + 6 
Total activity in section (epm X 10) 14.0 8.9 
TCA-insoluble (%) 23 22 

Electrophoresis of TCA-insol, activity t 

Origin (%) 26 16 
Albumin 8 39 40 
Remainder ” 20 23 


* Activity in blood at 1 hr 7,700 epm/2.5 lambda. 

+ Zone electrophoresis on paper at pH 8.6, Simi- 
lar results were obtained at pH 6.8. ; 

t Free iodide in albumin-I™! preparation: Rab- 
bits 4 and 5, 1.1 and 3.6%. 


bumin at 2 pH values, 8.6 and 6.8 in different 
types of buffered solutions (Table II). When 
iodide, with radioactivity corresponding to 
that of the free iodide in the albumin-I'*4 
given to rabbit 6, was injected into rabbit 7 
no activity appeared in the TCA-insoluble 
fraction. Thus serum albumin does not ac- 
quire any firmly bound radioactivity when 
iodide-I'*! is given to rabbits, confirming the 
results obtained in the washing type experi- 
ment with rabbit 9.4 (Fig. 4). 


It should be mentioned that in patients 
with idiopathic (hypercatabolic) hypopro- 
teinemia there is a great increase in permea- 
bility of the gastro-intestinal tract, so that 
these patients lose the polymer, polyvinyl pyr- 
rolidone (PVP) into the feces when this sub- 
stance is injected into the blood(15,16), as 
shown with the iodinated polymer. Subjects 
with other types of disorders not involving 
the gastro-intestinal tract were found to lose 
very little PVP from the circulation into the 
feces. Although PVP has an average molecu- 
lar weight of 40,000, it appears possible that 
the substance does not behave like albumin, 
and thus might not be lost into the gastro- 
intestinal tract in normal subjects. 

Summary. 1. Experiments have been car- 
ried out to show that serum albumin labeled 
with I'8! passes from the circulation of rab- 
bits into the duodenum. 2. Following injec- 
tion of albumin-I'*! the presence of TCA-in- 
soluble activity in a solution passed through 
the lumen of isolated section of intestine can 
be shown. 3. In other experiments of a some- 
what different type, the same transfer has 
been shown. 4. Material transported appears 
to be albumin since it is precipitated with 
TCA, the precipitate is soluble in 95% alcohol 
(like similar precipitate of pure serum albu- 
min), and the soluble material possesses the 
same electrophoretic mobility as albumin in 
experiments carried out on paper. 5. Ap- 
proximate calculations indicate that if this 
type of transfer occurs in a considerable part 
of the gastro-intestinal tract, then the enzy- 
matic breakdown of serum albumin so trans- 
ferred could account for most of the serum al- 
bumin breakdown which occurs im vivo. 
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The etiologic agent of trachoma has for 
many years been considered to be a virus of 
the psittacosis-lymphogranuloma venereum 
(psitt.-LGV) group. Until recently strains of 
elementary bodies probably representing vi- 
ruses of this group which were isolated in the 
yolk sac of eggs from trachoma patients were 
lost or not confirmed(1). Recent improve- 
ments in technic, particularly incorporation 
of streptomycin, have resulted in isolation of 
viruses thought to be the cause of trachoma 
(2), which have been confirmed(3). The 
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t Mailing address: NAMRU-2, APO 63, 
Francisco, Calif. 


San 


adenovirus group have been shown to be an 
important cause of eye infections(4) and they 
are known to be frequent causes of acute con- 
junctivitis in Taiwan(5,6). Adenoviruses 
have been isolated from cases of trachoma in 
Saudi Arabia and even considered as a pos- 
sible cause of the trachoma syndrome(7,8). 
It is also possible that adenoviruses may com- 
plicate or cause part of the clinical picture or 
contribute to the spread of trachoma through 
seasonal acute conjunctivitis. Utilizing the 
newly perfected technics for yolk sac isolation 
of elementary body agents and standard tissue 
culture technics for adenovirus, a study was 
undertaken of the viral etiology of trachoma 
on Taiwan. 

Materials and methods. During October 
and November of 1958, specimens were col- 
lected from first grade school children in 15 
of the 16 counties of Taiwan, including the 
Pescadore Islands. A total of 1600 eye swabs, 
throat swabs and blood specimens were col- 
lected from children on whom a diagnosis of 


the condition of their eyes was made by oph- ; 
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thalmologists attached to the Government of 
the Republic of China-World Health Organi- 
zation trachoma control project on Taiwan 
(9). For the purpose of this control project, 
3 categories of diagnosis were used, trachoma, 
conjunctivitis and nothing pertinent (N.P.). 
The trachoma diagnosis followed the modified 
MacCallan classification as recommended by 
the WHO expert committee on trachoma(i0): 
I.= trachoma at onset, II — established 
trachoma, III = cicatrizing trachoma and IV 
= cicatrized or healed trachoma. In addi- 
tion, trachoma d was used for suspected but 
not definite trachoma. Almost all those chil- 
dren with the diagnosis of conjunctivitis had 
chronic follicular or papillary conjunctivitis 
which was thought to be non-trachomatous 
usually on the basis of lack of corneal lesions 
visible with a monocular lens. A few con- 
junctivitis cases appeared to be acute. The 
N.P. diagnosis included normal appearing 
eyes and pathology not due to infections. All 
children, except those with the diagnosis of 
N.P. or trachoma IV, were treated with anti- 
biotic eye ointment under the control project. 
The eye swab and throat swab cultures were 
taken with dry cotton tipped applicator sticks, 
then immersed in individual screw capped 
vials containing 2.5 ml of brain heart infusion 
broth pH 7.3, without antibiotics for eye spec- 
imens, and containing 1000 units of penicillin 
and 1 mg of streptomycin per ml for throat 
specimens. The specimens were frozen in dry 
ice until returned to the laboratory, where re- 
frigeration was continued at —65°C in a me- 
chanical freezer. Adenovirus isolations: The 
technic for isolation and identification of 
adenoviruses used in this laboratory has been 
reported(11). HeLa cell tissue cultures were 
employed and each specimen observed for a 
minimum period of 30 days prior to being de- 
clared negative. Trachoma virus isolation: 
Eye specimens were unfrozen in a 37°C water 
bath and streptomycin added. The specimen 
was then allowed to stand at 4°C for 4 hours 
after which 0.2 ml containing 4 mg of strepto- 
mycin was inoculated into the yolk sac of 
each of 5 embryonated eggs, 6 to 8 days of 
age. The eggs were incubated at 35°C and 
candled daily. Upon death, or survival for 
12-13 days, the yolk sac of the egg was har- 
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vested and an impression smear was stained 
by a modified Macchiavello method(12) for 
demonstration of the presence of elementary 
bodies. Each egg was cultured on blood agar 
for bacterial contamination. Two yolk sac 
subcultures were made of negative material. 
Eggs positive for elementary bodies were 
passed separately. Positive isolations were as- 
sociated on passage with increasing numbers 
of elementary bodies and with death of em- 
bryos. 

Results. Adenovirus isolations: A total of 
922 eye specimens and 878 throat specimens 
from 6-7 year old children representing all 
areas of Taiwan were cultured for presence of 
adenovirus. One adenovirus was isolated from 
the eye specimens of 468 children with tra- 
choma, 4 were isolated from 374 in the con- 
junctivitis category and none were isolated 
from 80 N.P. children, for an isolation rate of 
0.5% from the 922 eye specimens. A total of 
27 adenoviruses were isolated from the 878 
throat specimens examined, for an isolation 
rate of 3.1%. The isolations were apparently 
unrelated to the diagnosis of eye condition, 
since the percent of specimens positive for 
adenovirus by diagnosis was 4.0 for trachoma, 
1.8 for conjunctivitis and 4.6 for N.P. The 
adenovirus types isolated from eyes included 
2 type 8, 2 type 4 and one type 3. A wide 
variety of adenovirus types was isolated from 
the throat specimens, including all types from 
1 to 10, except types 4 and 9. The most fre- 
quently found types were type 10 isolated 
from 10 specimens and type 5 isolated from 
5. One child with type 8 isolated from the 
eye specimen also had type 8 in his throat 
specimen. The throat specimen of one child 
with type 4 in the eye yielded type 5 adeno- 
virus. 

Trachoma virus isolations. <A total of 4 
elementary body virus strains was isolated 
from 100 eye specimens cultured through 3 
passes in the yolk sac of embryonated eggs. 
A total of 121 specimens was cultured, but 21 
were lost by contamination. Isolation meth- 
ods detailed above are now used, but some of 
the earlier specimens in this study were cul- 
tured without being frozen and with as much 
as 8-fold less streptomycin. These earlier 
specimens were more frequently contami- 
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TABLE I. Trachoma Virus Isolations from Eyes 
of First Grade School Children on Taiwan in Re- 
lation to Diagnosis of Eye Disease. 


No. 


Clinical eye diagnosis* examined Positive 

Trachoma d ly () 

IL 11 0 

Ir 32 4. 

Til 15 0 
Conjunctivitis 20) 0) 
NAB: 5 0 
Total 100 4 


* Modified MacCallan c¢lassification of trachoma 
except d = suspected or questionable trachoma. 
N.P. = nothing pertinent. 


nated. Table I shows that the 4 isolations 
came from among a group of 32 children with 
clinical diagnosis of stage II trachoma. There 
were no isolations from 43 children with other 
stages of trachoma, 20 with conjunctivitis or 
5 with N.P. It is of further interest that 3 of 
the 4 isolations came from among 10 patients 
especially selected by the ophthalmologists as 
having particularly active disease. Elemen- 
tary bodies were seen on first passage of 2 of 
the strains isolated and on second passage of 
the other 2. All strains killed embryos on 
second passage. Two strains have been 
through 19 and 16 passes respectively without 
any gross changes except some increase in egg 
pathogenicity. On yolk sac smear elementary 
bodies resembling those of the psitt.-LGV 
group are regularly seen. 

The 4 Taiwan elementary body strains were 
shown to be related serologically to the psitt.- 
LGV group by complement fixation test. 
Table II presents the results of testing the 4 
trachoma strains as antigen with a LGV, a 
psittacosis and a trachoma antiserum. The 
LGV serum was from a patient with the dis- 
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ease, the psittacosis serum was from an im- 
munized guinea pig and the trachoma serum 
from an immunized rabbit. The 4 viruses 
fixed complement with each of the 3 serums. 
With the LGV and psittacosis serums, the 
trachoma strains produced a lower antibody 
titer than the homologous antigens. 


Discussion. Isolation of adenovirus from 
the eyes of only 0.2% of children with tra- 
choma and 1.1% with conjunctivitis, mostly 
chronic, would suggest that adenoviruses do 
not cause either syndrome on Taiwan. Con- 
current isolation of 3% adenoviruses from 
throat specimens of the same children would 
indicate that the low isolation rate from eyes 
was not due to inadequate technics of speci- 
men collection, storage, or culture. The 
adenovirus types isolated from the eye speci- 
mens, types 3, 4 and 8 have been frequently 
isolated from acute conjunctivitis in Taiwan 
(5,6), while type 3 and 8 have been associ- 
ated with acute eye disease in other parts of 
the world(4). The adenovirus types isolated 
from the throat specimens have been less con- 
sistently associated with disease and the sig- 
nificance of these isolations will be considered 
in a separate report, in conjunction with 
studies of isolations of adenoviruses from vari- 
ous Clinical syndromes on Taiwan. The fre- 
quency of adenovirus isolation from eyes of 
6-7 year old children on Taiwan agrees closely 
with that reported from Saudi Arabia(7) for 
children over 3 years of age. If adenovirus 
eye infections are usually acute and the vi- 
ruses present for only several days, a preva- 
lence of 0.5% at one time could represent a 
considerable incidence during a year. 

It is noteworthy that isolation of elemen- 
tary body virus strains in the yolk sac of eggs 


TABLE II. Serological Relation of Taiwan Trachoma Viruses (TW) to the Psittacosis-lympho- 
granuloma Venereum Group in Complement Fixation Test. 


Serum antibody titers 


Antigens— 2 
Antiserum TW-10 TW-21 TW-89 TW-97 LGV Psitte NYS 
LGV patient 16 16 8 16 128 4 
Psitt. guinea pig 32 64 32 64 256 4 
TW-10 rabbit 256 256 256 256 8 


Titers expressed as reciprocal of original serum dilution, **+ end point, NYS normal yolk 
sac, Trachoma antigens are phenolized, heated 244% yolk sac suspensions. LGV and psitt. anti- 
gens are commercial preparations (Markham). Psittacosis guinea pig serum prepared by im- 
munization with the Markham antigen, human pneumonitis strain. Rabbit immunized with 20% 
yolk sae suspension of TW-10. 
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from patients with trachoma is associated with 
the most active cases. The failure to isolate 
these viruses from normal appearing eyes, 
from children diagnosed as having non-tracho- 
matous conjunctivitis and from less active 
cases of trachoma adds one type of evidence 
to support the contention that these viruses 
are the etiologic agent of trachoma. This find- 
ing suggests that the clinical diagnostic prob- 
lems of trachoma, which are usually the less 
typical and less active cases, would not be 
helped by virus isolation attempts at this stage 
of development of isolation technics. Collier 
(13) has reported isolation of 14 strains of 
elementary bodies from 14 persons with inclu- 
sion body positive trachoma. Snyder e¢ al. 
(14) have isolated 14 trachoma strains, all 
from persons whose conjunctival cells showed 
inclusions. In this laboratory trachoma virus 
has been reisolated 22 times out of 23 at- 
tempts beginning 2 weeks after infection, from 
6 human volunteers who have been infected 
with one of the Taiwan trachoma strains in a 
study to be reported. In these volunteers 
typical inclusions have been present on con- 
junctival cell smears at all periods when virus 
has been isolated. Conjunctival cell smears 
were not obtained on the first grade school 
children in this study. However, studies sub- 
sequently made in similar groups suggest that 
the proportion of trachoma that is inclusion 
body positive in first grade school children in 
most areas of Taiwan is only about 1%. This 
is probably the reason for the small number of 
isolations in this study. One additional Tai- 
wan strain (TW29) has been isolated from an 
adult male with an active gelatinous stage III 
trachoma which was inclusion body positive. 

In addition to the viruses from China(2) 
and Africa(3), similar elementary body 
strains of the psitt.-LGV group have been iso- 
lated from trachoma patients in Saudi Arabia 
(14) and Israel(15). On the basis of morph- 
ology and serology the Taiwan strains belong 
to the psitt.-LGV group and they are probably 
similar to those being isolated in egg yolk sac 
in other parts of the world. We believe the 
Taiwan elementary body strains are trachoma 
viruses because of the controlled type of iso- 
lation studies used and because the disease has 
been reproduced in 6 human volunteers with 
one of these strains. 
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Summary. Eye specimens from first grade 
school children on Taiwan were cultured in 
yolk sac of embryonated chicken eggs and in 
HeLa cell tissue cultures. Four viruses, 
morphologically and serologically related to 
psittacosis-lymphogranuloma venereum group, 
were isolated in yolk sac from 32 children with 
stage II trachoma, while negative results were 
obtained with similar cultures of 68 specimens 
from other stages of trachoma, conjunctivitis 
and uninfected eyes. These viruses are 
thought to be etiologic agents of trachoma. 
One adenovirus was isolated from 468 chil- 
dren with trachoma and 4 adenoviruses were 
isolated from 375 children with chronic con- 
junctivitis. Within limitation of age group 
studied, it is concluded that adenoviruses do 
not play an important role in trachoma syn- 
drome on Taiwan. 
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Visually Evoked Slow Negativity in ‘Rabbit Cortex.* 


(25608) 


ALAN L. PEARLMAN,! SIDNEY GOLDRING AND JAMES L. O’LEARY 
Division of Neurosurgery and Beaumont-May Inst. of Neurology, Washington University School 
of Medicine, St. Louis, Mo. 


A negative spike of 15 msec. duration can 
be evoked by direct activation of cerebral cor- 
tex, and a corresponding one (called recruit- 
ing response) by serial stimulation of the mid- 
line thalamus. In recent work(1,2,3) with 
D.C. recording we observed a slow negative 
wave which follows in the wake of each of 
these primary responses as a separate excita- 
tory process of higher threshold, longer dura- 
tion (250 msec.), marked propensity for sum- 
mation upon repetitive stimulation, and 
longer than usual persistence following the 
end of a brief series of stimuli. The evidence 
for separate identity between spike and sec- 
ondary process made it important to decide 
if such a late potential could also be evoked 
by stimulation of one of the paths leading 
from sensory end organs to cerebral cortex. 
We selected the evoked visual response as a 
test case, eliciting it both by optic nerve and 
light flash stimulation. The slow negativity 
alluded to had already been observed to fol- 
low the primary visual response. Bishop and 
O’Leary (4) observed it in rabbit cortex using 
a capacity coupled amplifier, and Goldring 
and O’Leary(5) saw it in D.C. records ob- 
tained by chopping an ink writer trace 
mechanically. However, in these prior studies 
its characteristics did not seem sufficiently 
unique to focus further attention upon it. In 
the present experiments upon the rabbit the 
slow negativity is a prominent potential, and 
accumulating data indicate its similarity to 
the slow processes previously shown to follow 
the direct cortical response and the recruiting 
wave(2,3). Hereafter we describe it and re- 
late it to other electrical events of visual cor- 
tical response. 

Method. ‘Thirty-two rabbits weighing 1.5 
to 2.0 kg were prepared under ether anes- 
thesia after which all wound surfaces were 
thoroughly infiltrated with 1% Procaine HCl. 


* Aided by grant from USPHS, and Allen P. and 
Josephine B. Green Fn. 
+ Student trainee, Nat. Inst. Health. 


The animals were then immobilized with 
Flaxedil and respired artificially. Recording 
began one hour following discontinuance of 
ether. In one group of animals a needle in- 
sulated to near the tip was inserted into the 
optic nerve and another having 7 mm tip ex- 
posure was placed in the periosteum; nerve 
stimulus strengths varied between 0.8 and 
3.0 V., pulse duration being 0.1 msec. (square 
wave through isolation transformer). In the 
other group the retina was activated directly 
by unfiltered 10 psec. flashes from a Grass 
photic stimulator. An artifact for signalling 
the flash was obtained by leading from the 
output of a photoelectric cell to jack positions 
adjacent to those for the recording electrodes. 
Transcortical records were obtained from vis- 
ual cortex using non-polarizable calomel elec- 
trodes and a D.C. amplifier, oscillograph and 
camera. 


Results. Between threshold and maximal 
response to direct nerve stimulation the span 
was 0.9 to 3.0 V. When stimulus strength was 
raised by steps from a sub-threshold level the 
first sign of activation noted was a 250 msec. 
slow negative potential—slow negativity (Fig. 
1A, 4). At somewhat above threshold for the 
slow negativity an earlier small positive de- 
flection appeared, signalling initiation of the 
primary visual response (Fig. 1B, 1). That 
positive could also be seen with lower stimu- 
lus values but was then impossible to distin- 
guish as a specific response component from 
similar pips which appeared spontaneously in 
the record of cortical activity (Fig. 1A, 1?). 
With further increase in stimulus strength the 
positive phase of primary response (compo- 
nent 1) and the slow negativity (component 
4) were noted to grow together in amplitude 
(Fig. 1B and C), then the negative phase 
(component 2) of primary response and its 
ensuing after-positivity (component 3) also 
developed as stimulus strength increased, 
(Fig. 1D). Past Fig. 1C (1.3 V.) no further 
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1 = Primary Potential, Pos. phase 
2 - Primary Potential, Neg. phase 
3 - After-positivity 

4 - Slow-negativity 


5 - Positive After-effect 
6 - Negative After-effect 
7 - Alpha Waves 

8 - Forbes Response 


1/10 second 


1 second 


FIG, 1. Visual cortical responses to optic nerve stimuli of increasing strength. Numbers to 


left of each row refer to stimulus voltage. 


suspected of being positive phase of primary response. 
4%, may represent recurring slow negativity. Straight horizontal line in 


4, slow-negativity. 


1, positive phase of primary evoked ‘potential. 


1%, 


2, negative phase. 3, after-positivity. 


this and subsequent figures is arbitrary baseline against which potential changes are read. Up 
is positive, down is negative. Cal. key in lower right hand corner: vertical line of right angle — 
500 wV; horizontal line = 100 msec. Shock artifacts retouched; otherwise photographs are 
those of original record. 

FIG. 2. Effect of deepening Nembutal anesthesia on optic response evoked by flash stimulus 
to retina. I.V. = intravenous. 1, positive phase of primary evoked potential. 2, negative 
phase. 3, after-positivity. 4, slow-negativity. 5, positive after-effect. Cal. key in lower right 
hand corner: Vertical line of right angle = 500 wV; horizontal Lne = 100 msec. Shoek arti- 
facts retouched; otherwise photographs are those of original record. 

FIG. 3. A. Evoked primary visual response and slow-negativity diagrammatically repre- 
sented on time scale sufficiently fast to permit detection of positive spikes on ascending limb 
of primary positive potential. 6b. Diagrammatic representation of all cortical potentials known 
to occur with an optic nerve stimulus. Latencies, amplitudes and duration of these potentials 
and their temporal relationship to each other are those which obtain in actual experimental situ- 
ation. Figure constructed by schematically adding potentials 4?, 5, 6, 7 and 8 to composite po- 
tentials 1, 2, 3 and 4 which is actual record taken from Fig. 1, D. 


augmentation of the slow negativity (compon- 
ent 4) occurred even though stimulus strength 
was raised to 3V., which was maximal for the 
initial positive phase (component 1). This 
evidence suggests that whatever excites the 
slow negativity has a somewhat lower thresh- 
old than that of the majority of elements re- 


sponsible for the primary phase of the re- 
sponse. 

The latency of slow negativity varied from 
one animal to the next but approximated 50 
msec. The main factor which contributed to 
variability appeared to be the after-positivity 
(component 3) following the negative phase 
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of the primary response (component 2). If 
sufficiently well-developed, that after-posi- 
tivity can cut into the rise of the slow nega- 
tivity thus lengthening the apparent latency 
of the latter. In addition, latencies appeared 
longer when the stimulus was near threshold. 
However, for any one experiment the latency 
for slow negativity remained constant for 
stimuli between half maximal and maximal 
strength (compare Fig. 1C, D and E). 

Occasionally the response to a single nerve 
stimulus, submaximal for the primary visual 
response, showed a replica of the slow nega- 
tivity component following the latter at a 
short interval (Fig. 1C and D, 4?). However, 
with maximal stimuli the apparent repetition 
of the slow negativity usually did not occur. 
The relation such repetition bears to the 
rhythmic alpha waves(4,8) which may suc- 
ceed the evoked response is under study. 

A slow negativity component also followed 
the primary visual response to photic stimula- 
tion (Fig. 2A, 4), the duration varying be- 
tween 250 and 400 msec. That slow nega- 
tivity, which was evoked by light flash, was 
followed by an equally enduring slow positive 
potential (Fig. 2A, 5) and thus differed from 
the response evoked by a shock to the nerve. 
We believe this slow positive potential to be 
identical with the positive after-effect of visual 
response described previously (6). 

Activated by either nerve or flash stimula- 
tion the slow negativity was the most suscep- 
tible of the components to progressively deep- 
ening Nembutal anesthesia. Increments of 
12 to 20 mg by successive intravenous injec- 
tions to a total of 30 to 60 mg caused the slow 
negativity to disappear gradually. With dis- 
appearance it came to be replaced by the 
long positive after-effect of the primary re- 
sponse. Concurrently the primary response 
itself might increase somewhat in amplitude 
(Fig. 2, B through D). 

Experiments to define the characteristics of 
the slow negativity are in progress. Thus we 
have shown slow negativity to summate in re- 
sponse to low frequency light flashes but (so 
far) not to a succession of nerve stimuli, to 
originate beneath the superficial layer of 
cortex, and to grow in size with surface ap- 
plications of gamma amino butyric acid. 
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These also characterize the slow negativities 
which occur as components of the direct cor- 
tical and recruiting responses(2,3). 


Discussion. Recorded under optimum con- 
ditions slow negativity appears to be a unique 
feature of evoked response. It is actually a 
more prominent part of the evoked trace than 
is the primary component. This is graphically 
illustrated in Fig. 3A, primary visual potential 
and ensuing negativity being reproduced sche- 
matically upon a scale sufficiently rapid to 
permit analysis of the faster components of 
primary potential. It is important that all 
parts of the visual response do not become evi- 
dent in any one preparation because of dif- 
ferential susceptibility of the components to 
anesthetic level; some appear with very light 
anesthesia, others reveal themselves only dur- 
ing deeper stages. However, a composite (Fig. 
3B) can be constructed to reveal the temporal 
and amplitude relations between slow nega- 
tivity and other components of visual re- 
sponse. These are identified as follows, with 
the significant features of each: 1, positive 
phase of primary response assigned previously 
to activity in cell bodies and basal dendrites 
of deeper cortical layers(7,8); 2, negative 
phase of primary response, presumed to sig- 
nal antidromic activation of apical dendrites; 
it has a greater sensitivity to anesthesia than 
does the positive phase(7,8); 3, after-positiv- 
ity following the negative phase, a poorly un- 
derstood part of the potential-complex having 
variable size and duration; 4, slow negativity, 
seen only under light anesthesia; 5, positive 
after-effect, seen best under moderately deep 
barbiturate anesthesia, during hypoxia or 
after repetitious episodes of convulsive activ- 
ity(5); 6, long-lasting negative after-effect 
usually associated with cortical activation (5) ; 
7, recurrent alpha waves(4) or so-called phys- 
iological after-discharge(8); 8, Forbes “‘sec- 
ondary” response, seen best under deep barbi- 
turate anesthesia; it may also be recorded in 
the unanesthetized animal(9). 

Summary. Visual cortex responses to optic 
nerve and retinal stimulation were studied by 
D.C. recording upon slow time line. A prom- 
inent slow negative wave (250 to 400 msec. 
duration), slow negativity, occurred in the 
wake of primary visual response. Evidence 
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indicates that when activated by nerve stimu- 
lation it has a threshold somewhat lower than 
that of primary response. Under moderately 
deep Nembutal anesthesia, slow negativity 
(evoked by optic nerve or light flash stimuli) 
disappears and is replaced by a longer lasting 
positive after-effect. The slow negativity de- 
scribed under these conditions is believed to 
have an origin in the cortex identical with 
corresponding slow negative waves evoked by 
direct surface and midline thalamic stimula- 
tion. In Fig. 3 it is placed schematically with 
relation to other components of visual cortical 
response previously described elsewhere. 
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New Type Concentric Stimulating and Recording Electrode for 


Electroencephalography and Oscillography. 
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H. J. Datcte, L. C. Massopust, Jr. AND E. C. HANNAN* 
(Introduced by H. S. Mayerson) 
Dept. of Physiological Sciences, Southeast Louisiana Hospital, Mandeville, La. 


Multipolar electrodes for chronic or acute 
implanting within the nervous system of ex- 
perimental animals have always presented 
problems to investigators of bio-electric phe- 
nomena. Some of these problems are: 1) 
Multipolar metal, glass or twisted wire con- 
centric electrodes are difficult to fabricate be- 
cause of the problems of insulating one pole 
from another. Secondly, breakage, shorting 
and high impedance are common in all of the 
above types of electrodes. 2) Further, in con- 
structing the concentric electrode of “non- 
micro” types of more than 2 poles, the dia- 
meter of the whole electrode increases in size 
in such proportions as to be impossible to use 
in animals with relatively small brains. To 
overcome some of the above difficulties, a 
new type of multipolar concentric electrode 
was developed which employed coats of silver 
printed circuit paint alternating over coats of 
insulating material. 

Materials. The following materials are 
necessary for construction of the silver paint 

* Present address: 8th Naval Dist., New Orleans, 
La. 


type concentric electrode. 1) Straight surgi- 
cal or hypodermic needle stock of any desired 
diameter which will give proper rigidity for in- 
sertion into nervous tissue by means of stereo- 
taxic devices. 2) Pure silver printed circuit. 
paint. This can be obtained from any elec- 
tronic parts dealer. 3) Silver solder (No. 430) 
of the type made by the All-State Welding 
and Alloys Co., White Plains, N. Y. 4) All- 
State flux (non-acid) for ferrous and non-fer- 
rous alloys. 5) Insulating baking varnish 
which resists acids, alkalies, solvents and de- 
greasers. The use of “Epoxylite” made by the 
Epoxylite Corp., El Monte, Calif. was found 
to be the best. 6) Lead wire of the miniature 
variety such as “Tensolite Miniature Wire” 
manufactured by the Tensolite Insulated Wire 
Co., Tarrytown, N. Y. 

Methods. 1) Arbitrary lengths of steel 
needle stock were cut to any practical length. 
Actual lengths were determined later by the 
depth of structures in the brain stem to be 
stimulated or recorded from (See Step 4 be- 
low). Length and diameter used by the au- 
thors for insertion into the brain stems of 
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cats were 234 inches and .025 inch respec- 
tively. Silver solder was applied by dipping 
the electrode first into flux then into melted 
solder and slowly withdrawing it. When cool, 
the tips of the electrodes were examined to 
make sure a homogeneous coating covered 
them. The tips were then cleaned and de- 
greased, by use of such solvents as xylol and 
95% ethyl alcohol. 2) The base end of the 
electrode was now inserted into a special cork 
holder for mounting in a mechanical device 
for applying thin, even coats of insulation over 
the steel core. This device consisted of a slow, 
constant-speed (1.16 rpm) electric motor, a 
rack and pinion and the electrode holder. The 
electrode core was lowered into a test tube 
containing Epoxylite, the motor turned on, 
which withdrew the electrode at a constant 
speed (1 cm/15 sec.) from the test tube. This 
operation was repeated 6 times, coating the 
steel core with micro-thin layers of Epoxylite. 
A few minutes were allowed to pass between 
Epoxylite coats to allow each coat time to 
set. 3) The electrode was then mounted in a 
vertical position and placed in a drying oven 
set at 50° to 60°C for a minimum of 24 hours. 
The longer the electrode is allowed to stay in 
the oven the harder the Epoxylite coating be- 
came. 4) After the first Epoxylite coatings 
were thoroughly hardened, the electrode was 
cut to actual length. These actual lengths of 
electrodes can be determined directly from 
any acceptable atlas of the brain of the ex- 
perimental animal being used. After adding 
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the thickness of the skull to the determined 
length, a point was found where the first lead 
off wire from the deepest pole was to be 
soldered to the electrode, each additional! lead 
wire juncture point being distal to this point. 
One millimeter separations were found to be 
satisfactory for all additional poles. For ex- 
ample, in cats, length of a bipolar electrode 
necessary to reach the anterior or posterior 
hypothalamic area was 22 mm. To this was 
added another 1.5 mm to allow for the thick- 
ness of the skull and 2 more mm to keep the 
lead off wire joints above the surface of skull. 
5) The first coat of pure silver paint was ap- 
plied over the first insulation coat of Epoxy- 
lite with an artist’s fine brush and with the 
aid of a relatively high power binocular dis- 
section microscope. When dry, the silver 
paint layer was examined carefully to insure 
complete coverage of the underneath insulat- 
ing layer. If there were gaps in the silver 
coat, the entire process was repeated. This 
silver coat was allowed to dry for at least 2 
hours, then the second lead off wire was at- 
tached by lightly winding the wire around the 
silver paint layer near the “chuck” end of the 
coating. Next, a generous amount of silver 
paint was applied over the winding and con- 
tinued down into the silver coating itself. 
This was allowed to dry for at least one hour. 
6) The recording or stimulating tip of the 
steel core was now scraped clean of the cov- 
ering layer of Epoxylite to any predetermined 
exposure and dipped into a thick grease such 


FIG. 1. Top diagram shows a cross-sectional view of construction of bipolar silver paint elec- 
trode. Key: 1) Steel core. 2) Epoxylite. 3) Printed circuit paint coating. 4) Epoxylite coat- 
ing. 5) Lead wire joint of second pole (silver paint pole), 6) Silver solder joint of first pole on 


steel core. 


Bottom photograph shows completed bi-polar silver paint electrode. 


iMate) 


FIG. 2. E.H.G. tracings made from multi-polar sil- 
ver paint electrode imbedded in posterior thalamic 
areas (A). The most proximal recording point was 
located in anterior ventral thalamic nucleus, Ant 
Vent N; the second recording point, in anterior 
medial thalamic nucleus, Ant Med N; the third 
point, in ventral medial thalamic nucleus, Vent 
Med N; the most distal recording point was lo- 
cated in dorsal hypothalamic area, Dor Hyp A. 
(B) Pairs of bipolar silver paint electrodes im- 
planted in anterior hypothalamic area (AH); in 
posterior hypothalamic area (PH); and in anterior 
ventral mesencephalic reticular formation (AVM). 


as Lubriseal. The Lubriseal was allowed to 
cover the already exposed tip of the steel core 
and as much of the first silver paint layer as 
is desired for a stimulating or recording sur- 
face (Fig. 1). This grease coating prevents 
the insulating coat from covering the exposed 
recording and/or stimulating surfaces. It can 
be removed later by gently wiping the tip with 
xylol soaked cotton. 7) The electrode was 
again run through the Epoxylite dipping pro- 
cedure (Step 3) and 3 to 4 coats were applied 
making certain that these layers were carried 
over the previously made lead off wire joints. 
The electrode was then returned to the oven 
at a reduced temperature of 20°C to prevent 
contraction of the Tensolite insulation on the 
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lead off wires. It is best to allow this coat to 
harden in the oven for at least 48 hours. 
Steps 5, 6 and 7 can be repeated for as many 
poles as desired. 


FIG. 3. Oscillographic recordings made from bi- 
polar silver paint electrodes implanted in (1) med- 
ial longitudinal fasciculus; (2) sulco-marginal 
bundle of spinal cord on same side as stimulating 
electrode; (3) sulco-marginal bundle of spinal 
cord on opposite side from stimulating electrodes ; 
(4) anterior gray horn of spinal cord; (5) ves- 
tibulo-cerebellar pathway. 
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Results. Generally, it was found that elec- 
trodes made according to the above procedure 
were of relatively low impedance. The silver 
paint poles were of somewhat higher im- 
pedance than the steel silver solder coated 
core. For example, in a direct current system 
and using isotonic saline as a conductor, im- 
pedance of the steel core pole was about 3,000 
ohms while that of the silver paint pole was 
about 30,000 ohms. This may appear to be 
high; however, in animal bio-electric systems 
(in vivo) the characteristics are such that 
passage of current and voltage indicated a 
much lower impedance than that found in 
D.C. systems. 

Deep electroencephalographic tracings were 
made from bi-polar silver paint electrodes im- 
planted chronically in the anterior hypothala- 
mus, posterior hypothalamus and the basal- 
anterior mesencephalic reticular formation of 
the cat (Fig. 2). Tracings were also taken 
from the thalamus by a multipolar electrode 
(4 separate poles) (Fig. 3). One notes that 
the recordings are stable and free of electrode 
“noise.” Further the electroencephalograph 
must be attenuated at the pre-amplifier to re- 
duce the sensitivity of the electrode. 

Using both bi-polar and multi-polar elec- 
trodes in stimulating and recording sites of 
the brain stem, oscillographic recordings were 
made in the vestibular nuclei, the medial 
longitudinal fasciculus, the sulco-marginal 
bundle and anterior gray horns of the spinal 
cord. Stimulating voltages of from 0.1 of a 
volt to 1.0 volt were used in most cases. Clear 
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cut potentials were easily obtained at the 
above low voltages in the vestibulo spinal sys- 
tem (Fig. 3). 

Electrodes in the foregoing positions have 
been implanted chronically in cats and left in 
position for up to 5 months without dramatic 
changes in either the electroencephalographic 
or oscillographic tracings. Changes do occur 
in the above recordings for about 2 weeks fol- 
lowing implantation. This is probably due to 
a chemical change on the exposed silver re- 
cording and stimulating points thru action of 
extracellular fluid, because a light film of 
blackened silver could be scraped from the 
recording and stimulating points on removal 
from the brain. 


Acute short term experiments have been 
performed with these electrodes with equally 
good results. 

Summary. A new type of multi-polar 
stimulating and recording electrode was de- 
veloped to answer certain technical difficulties 
arising through use of standard type: elec- 
trodes. This relatively low impedance elec- 
trode was constructed by using silver “printed 
circuit” paint over coats of insulating material 
without greatly increasing the diameter of the 
electrode core. Both acute and chronic bio- 
electric experiments were carried out employ- 
ing the above electrodes giving good ampli- 
tude, stable electroencephalographic and os- 
cillographic records from the central nervous 
system. 
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Previous studies have shown that barbital 
given intravenously passes slowly into the 
brain(1,2). In this report, the latter study 
was extended to include observations in dogs 
on passage of barbital into the cerebrospinal 
fluid. 


Methods and materials. Barbital was de- 
termined by the method of Giotti and May- 


* This work supported by Office of Surgeon Gen- 
eral, Dept. of Army, by Nat. Inst. of Neurol. Dis. 
and Blindness, P.H.S. and by Abbott Lab., North 
Chicago, Il, 
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TABLE I. Sodium Barbital 100 mg/kg Intravenously to Dogs. 
Cone. ratio 
Plasma, Brain, CSF, Brain CSE 
Time, min. Wt, kg mg/|* mg/ke* mg/1* plasma plasma 
3 10.2 189 52 27 27 14 
i 10.8 Be 44 12 23 06 
2 10.0 169 27 13 16 .08 
9 11.4 162 o1 35 sO 22 
a 13.2 130 58 38 45 .28 
30 23.0 151 93 64 .62 43 
ss 24.5 141 99 68 70 48 
* 19.5 107 43 40 
60 10.0 129 104 98 80 .76 
4 9.0 133 95 105 12 9 
180 9.1 82 69 76 85 3 
i 22.0 114 91 105 80 92 


* Concentrations expressed as mg/] or mg/kg of barbital acid. 


Values corrected for 90% recovery. 


nert(3). For analysis of the compound in 
brain (cerebral hemispheres) 2 ml of a ho- 
mogenate containing 0.5 g of tissue were used. 
The method gave negligible blank values and 
recoveries averaged 90%. Sodium barbital 
(100 mg/kg) was given intravenously as a 
10% neutral solution to dogs over a period of 
5 seconds. After various time intervals, the 
animals were sacrificed by rapid intravenous 
injection of 4 to 6 ml of a saturated solution 
of potassium chloride, which produced cardiac 
standstill within 5 seconds. Heart blood was 
immediately obtained by cardiac puncture. 
Cerebrospinal fluid was withdrawn from the 
cisterna magna and the brain was then re- 
moved for analysis of its barbital content. 

Results. . Barbital concentrations in the 
plasma were lower the longer the time interval 
after drug administration (Table I). Brain/ 
plasma concentration ratios, low at first, 
reached a maximal value in about 60 minutes. 
Concentration of barbital in the cerebrospinal 
fluid rose more slowly than that in the brain 
(Table I). Cerebrospinal fluid/plasma ra- 
tios were low at 3 minutes but became pro- 
gressively higher reaching unity at 3 hours. 

Discussion. Barbital distributes uniformly 
in total body water; consequently accumula- 
tion of the drug in any tissue is limited by 
amount of water present in that tissue. Since 
the water content of the brain is about 80% 
(4) concentration of barbital in brain should 
eventually be about 80% of that in plasma.t 

+ Barbital is not appreciably bound to plasma 
proteins(5). 
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FIG. 1. Brain water/plasma (BW/P) and cerebro- 

spinal fluid/plasma (S#/P) concentration ratios 

for barbital given intray. to dogs. Values obtained 

from Table I and from previously published(2) 

experiments, in which only brain water/plasma ra- 

tios were determined. Superimposed points are not 
differentiated. 


At equilibrium brain water/plasma concentra- 
tion ratio should approximate unity. This 
value was reached in about 60 minutes (Fig. 
1). Since cerebrospinal fluid is practically 
an ultrafiltrate of plasma, at equilibrium the 
ratio of barbital concentration in cerebrospinal 
fluid to that in plasma should likewise ap- 
proximate unity. These results show that 
there is a barrier to passage of barbital both 
from blood into brain and from blood into 
cerebrospinal fluid. The barriers may be 
similar. The observation that barbital ap- 
pears in the cerebrospinal fluid even more 
slowly than in the brain, suggests that the 
drug may pass from blood into brain and then 
into cerebrospinal fluid as well as by direct 
passage from blood into cerebrospinal fluid. 
The relative contribution of these routes to 
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entrance of barbital into the cerebrospinal 
fluid cannot be stated now. 


In contrast to the slow passage of barbital 
into brain and cerebrospinal fluid, the more 
lipid soluble thiopental passes rapidly into 
the central nervous system: maximal concen- 
trations appear in the brain almost immedi- 
ately after intravenous injection(6) and in 
the cerebrospinal fluid within 7 minutes(7). 


Summary. Experiments in dogs have shown 
that barbital passes slowly into the brain and 
even more slowly into cerebrospinal fluid. It 
is possible that the blood cerebrospinal fluid 
barrier and blood brain barrier are similar for 
this drug. 
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Their Action on Heparin Activity.* 
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Heparin with its co-factor, which originally 
was designated albumin X, is a powerful anti- 
thrombin(1). By means of certain agents 
such as protamine(2), toluidine blue(3) and 
polybrene(4) (a poly 1,5 dimethyl-1,5-diazo- 
undecamethylene methobromide), heparin is 
inactivated directly and, presumably, stoi- 
chiometrically. Tissue thromboplastin also 
inactivates heparin activity, but from results 
of earlier studies(5), it was concluded that the 
anti-heparin action of thromboplastin is in- 
direct, brought about by increase in rate and 
amount of thrombin produced, thereby ex- 
ceeding the antithrombin activity of heparin. 
In the present study an attempt is made to de- 
termine the nature of the antiheparin action 
of erythrocyte extract (hemolysate) (6,7,8). 
For comparison the antiheparin activity of 
tissue thromboplastin was restudied. 

Materials and methods. Preparation of 
platelet-poor human native plasma. Blood 
collected with silicone-coated syringe and 
needle was transferred to heavy walled test 
tubes coated with silicone. After chilling in 

* This work supported by grant from Nat. Heart 
Inst., NIH, USPHS. 


ice bath for 20 minutes, blood was centrifuged 
for 30 minutes in a Servall Superspeed cen- 
trifuge kept in cold room (4-6°C) and the 
plasma carefully removed with a silicone- 
coated pipette. Erythrocyte extract(9). Hu- 
man erythrocytes freed from platelets and leu- 
cocytes by repeated washing and differential 
centrifugation were suspended in a volume of 
physiological saline equal to that of blood 
from which they were obtained. Complete 
hemolysis was obtained by freezing at —20°C 
and then thawing. Heparin. One hundred 
mg sodium salt in 10 ml (Lederle). Prota- 
mine sulfate. Nutritional Biochemicals Corp. 
product was dissolved in distilled water. Pro- 
thrombin consumption time with added he- 
molysate. In the basic test as previously de- 
scribed(1), 1 ml of native platelet-poor plas- 
ma is mixed with a fixed amount of hemoly- 
sate and incubated at 37°C. Fifteen minutes 
after solid clot has formed, it is removed by 
wrapping it on to a wooden applicator. After 
45 minutes of further incubation at 37°C, pro- 
thrombin of the serum is determined by the 
one-stage technic using rabbit plasma ad- 
sorbed with Caz(PO,)>2 as source of fibrinogen 
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FIG. 1. Effect of increasing amounts of hemoly- 
sate on heparin activity as measured by prothrom- 
bin consumption test. 

FIG. 2. Influence of heparin on prothrombin 
time of human plasma with varying concentrations 
of tissue thromboplastin (rabbit brain extract). 


and labile factor. In the present investiga- 
tion, the test was carried out in silicone-coated 
test tubes. The agents, heparin and prota- 
mine sulfate, which were studied were mixed 
with native plasma before hemolysate was 
added. Prothrombin time. ‘The one-stage 
technic as previously described was employed 
(10). Thromboplastin was prepared from 
rabbit brain by the acetone dehydration 
method. Suspensions of thromboplastin vary- 
ing from 0.25 to 6% in saline were incubated 
at 50°C for 20 minutes. 

Results. Effect of heparin on prothrombin 
consumption time of native platelet-poor 
plasma with added hemolysate. Native plate- 
let-poor human plasma fails to clot in silicone 
at 37°C. On adding hemolysate, clotting oc- 
curs and prothrombin consumption time in- 
creases in direct proportion to amount added 
(Fig. 1). As little as 0.5 wg of heparin/ml of 
plasma usually inhibited completely consump- 


609 


tion of prothrombin resulting from addition 
of 0.05 ml of hemolysate. On increasing the 
quantity of hemolysate, consumption of pro- 
thrombin is resumed and when prothrombin 
consumption is plotted against amounts of 
added hemolysate, a straight line, fairly par- 
allel to the control curve without heparin, is 
obtained. When concentration of heparin is 
2 pg/ml of plasma, little or no consumption 
of prothrombin occurs, even when 0.2 ml of 
hemolysate is added. 

Effect of protamine sulfate on heparin ac- 
tion in prothrombin consumption test with 
added hemolysate. When plasma contains 1 
vg of heparin/ml, no consumption of pro- 
thrombin occurs on addition of 0.05 ml of 
hemolysate until concentration of protamine 
sulfate is 2-3 pg/ml of plasma (Table I). In 
the absence of added heparin, protamine sul- 
fate does not influence the effect of hemoly- 
sate on consumption of prothrombin. 

Effect of heparin on prothrombin time with 
varying amounts of thromboplastin.  Pro- 
thrombin time of normal plasma is progres- 
sively decreased by increasing quantities of 
tissue thromboplastin (rabbit brain) until a 
minimal constant value of 12 seconds is ob- 
tained. Concentrations of thromboplastin 
greater than 6% may have a slightly inhibi- 
tory effect. 

When 10 yg of heparin are added to 1 ml 
of oxalated plasma, and a series of prothrom- 
bin time determinations made using same con- 
centrations of thromboplastin as in the con- 
trol, a similar curve but with longer clotting 
time values is obtained (Fig. 2). As in the 
control, a constant value is obtained which is 
not shortened by excess thromboplastin. 

Discussion. The clotting factor in erythro- 
cytes corresponds chemically to a phospho- 
lipid(11). It possesses the unique property 
of causing a high consumption of prothrombin 
when added to native platelet-poor human 
plasma in a silicone-coated test tube(12), 
whereas a platelet extract causes no measur- 
able consumption of prothrombin under simi- 
lar conditions(13). This suggests that the 
clotting factor, erythrocytin, is not identical 
with the clotting factor in platelets which 
functions in the generation of thromboplastin 
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TABLE TI. Inactivation of Heparin by Protamine 


Sulfate. 


Prothrombin 
Heparin,* Protamine Hemolysate, cousumption, 
ug sulfate, ug ml see. 
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* Heparin was mixed with 1 ml of platelet-poor 
normal native human plasma in a silicone-coated 
test tube. Protamine sulfate was then added, fol- 
lowed by the hemolysate. 


even though both can participate in produc- 
tion of intrinsic thromboplastin. 

Heparin and hemolysate have a mutually 
antagonistic action on prothrombin consump- 
tion. As little as 0.5 pg of heparin/ml of 
plasma completely inhibits action of 0.05 ml 
of hemolysate. On increasing the quantity 
of hemolysate, inhibitory activity of heparin 
is sufficiently overcome to allow consumption 
of prothrombin and a proportionality between 
amount of hemolysate and the prothrombin 
consumption occurs. However, even when the 
amount of hemolysate is quadrupled, heparin 
activity is not completely abolished as it is 
when heparin is neutralized by protamine sul- 
fate (Table I). When concentration of 
heparin is increased above 2 ng/ml of plasma, 
complete depression of prothrombin consump- 
tion results. 


Two explanations for the antiheparin action 
of hemolysate seem probable: either hemoly- 
sate neutralizes heparin directly as does pro- 
tamine sulfate, or hemolysate acts by partici- 
pating in production of thromboplastin which 
brings about generation of sufficient thrombin 
to overcome antithrombic activity of heparin. 
Since hemolysate does not completely over- 
come the heparin effect and fails to cause con- 
sumption of prothrombin when concentration 
of heparin is above 2 pg/ml of plasma, the 
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second explanation appears to be the more 
likely. 

Generation of intrinsic thromboplastin is a 
complex reaction. It not only requires ade- 
quate quantities of a platelet or erythrocyte 
factor, thromboplastinogen (factor VIII), 
PTC (factor IX) and perhaps other primary 
agents, but it also depends on an autocataly- 
tic reaction which is probably mediated 
through thrombin(13). Presumably, prompt 
neutralization of thrombin as it is formed 
effectively blocks the clotting reaction. By 
carrying out the reaction in a silicone-coated 
test tube, the catalytic action of a glass sur- 
face is eliminated and sensitivity of the test 
to minute amounts of heparin is greatly in- 
creased. 

Protamine sulfate neutralizes heparin com- 
pletely. Approximately 2-3 wg are required to 
inactivate 1 »g of heparin. Significantly, ad- 
dition of protamine sulfate to normal native 
plasma does not alter prothrombin consump- 
tion resulting from a fixed amount of hemoly- 
sate. Since the method is sensitive to amounts 
of heparin less than 0.5 pg/ml, it appears un- 
likely that normal plasma contains a signifi- 
cant quantity of free or active heparin. 

The prothrombin time curves in Fig. 2 sug- 
gest the nature of antiheparin action of tissue 
thromboplastin. If a direct or true inactiva- 
tion of heparin occurred, prothrombin time 
of plasma containing heparin should become 
12 seconds at high concentrations of thrombo- 
plastin. A more likely explanation is an in- 
direct inactivation. The thrombin produced 
exceeds the antithrombin capacity of heparin. 


If the antiheparin action of hemolysate and 
of tissue thromboplastin is indirect and de- 
pends on generation of thrombin, it can be 
concluded that this is not a specific property 
but a general one possessed by any material 
which has thromboplastic activity or takes 
part in the generation of intrinsic thrombo- 
plastin. Since it has not been established that 
heparin has an essential role in maintaining 
fluidity of blood, and since clinical evidence 
has been found that even marked hyperhepari- 
nemia may produce only a mild bleeding state 
(14), antiheparin activity may perhaps be 
merely incidental and have little physiological 
significance. 
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Summary. The inhibitory action of heparin 
on prothrombin consumption of normal plate- 
let-poor human plasma in a silicone-coated 
test tube can be partially overcome by increas- 
ing amounts of hemolysate. Likewise, pro- 
thrombin time of human plasma to which a 
fixed amount of heparin has been added can 
be shortened and brought to a constant but 
higher value than normal by adding increas- 
ing amounts of tissue thromboplastin. 
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Quantitative Relationship of Osteoclasts to Parathyroid Function.* (25612) 


R. J. Tort AND Roy V. TALMAGE 
Dept. of Biology, Rice Inst., Houston, Texas 


Problems concerning the role of osteoclasts 
in bone dissolution have long been investi- 
gated. Numerous studies have attempted to 
clarify this basic relationship, particularly in 
reference to the part played by osteoclasts in 
parathyroid hormone effect on bone resorp- 
tion. These earlier studies have been re- 
viewed by Hancox(1,2). Of particular inter- 
est are reports of Selye(3), which referred to 
increases in numbers of osteoclasts after para- 
thyroid extract administration, and of Bloom 
et al.(4), which demonstrated qualitative in- 
creases in osteoclasts coupled with decreases 
in numbers of osteoblasts during laying cycle 
of pigeons. More recently Gaillard(5) noted 
significant increases both in number and ac- 
tivity of osteoclasts in incubated foetal bone, 
under the influence of a substance elaborated 
from concurrently incubated parathyroid tis- 
sue, or from parathyroid extract added to the 
media. Talmage e¢ al.(6) were able to show 
qualitative increases in numbers of osteo- 
clasts in long bones of rats undergoing con- 


* Aided in part by grant from Atomic Energy 


Comm. 


tinuous peritoneal lavage with calcium- and 
phosphate-free rinse. The only attempt to 
use quantitative determination of osteoclast 
concentrations as an index of metabolic ac- 
tivity has been the recent work by Myers 
et al.(7) on the mandibular condyle. The 
purpose of our study was to develop a method 
for quantitation of osteoclastic material which 
could be used as index of bone dissolution and 
of parathyroid activity. 

Materials and methods. These experiments 
utilized approximately 75 male Holtzman rats 
with weight range restricted to between 225 
and 250 g. All were placed on a calcium- 
and phosphate-free diet for 24 hr before start 
of each experiment. Bilateral nephrectomies 
and parathyroidectomies were performed un- 
der ether anesthesia. Continuous peritoneal 
lavage was carried out by introducing into the 
peritoneal cavity, through a stainless steel in- 
dwelling plug(8), 30 ml of a solution contain- 
ing 0.8% NaCl and 0.5% glucose at pH 7.4. 
After equilibration for 1 hour, this fluid was 
removed and immediately replaced with an- 
other 30 ml of lavage solution. Animals were 
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not anesthetized during lavage. Commer- 
cially available parathyroid extract,t when 
administered, was given intraperitoneally. 
Histological procedures. When animals were 
sacrificed, distal portion of the femur was ex- 
posed and the bone snapped at the epiphysis. 
Remainder of femur was sawed across the 
shaft one-fourth inch from the metaphysis. 
This distal segment, which included sube- 
piphyseal and portions of the trabecular 
area, was fixed for 8 to 12 hr in Helly’s fluid. 
After washing in water, bones were decalcified 
with several changes of 5% formic acid for 
several days. Following dehydration and in- 
filtration with celloidin, they were embedded 
in paraffin and sectioned transversely at 7 p. 
The area examined was that just beneath 
deepest penetration of epiphyseal plate into 
the diaphysis. This area represents, in all 
animals, the most uniformly growing area. 
Further, this technic permitted preparation of 
sections of each bone at exactly the same area 
of bone to insure maximum uniformity of 
conditions. Since quantitative counts of os- 
teoclasts were to be made, a staining proce- 
dure was sought which would permit easy 
identification of these cells. After staining 
with Ehrlich’s hematoxylin, slides were placed 
in a mixture of Biebrich scarlet and Orange 
II. Following treatment with phosphotung- 
stic mordant, they were stained with Fast 
Green FCF, dehydrated and cleared. This 
procedure caused osteoclasts to appear as 
magenta colored cells in contrast to bone ma- 
trix which stained green and to erythrocytes 
which stained orange. For quick identifica- 
tion of osteoclasts this stain proved markedly 
superior to hematoxylin and phloxin tried 
earlier. Counting technic. By an ocular grid 
in binocular microscope at magnification of 
430 <, an area of bone 0.26 mm? was con- 
tained within the field of the grid. The en- 
tire cross-section of each bone was scanned 
and osteoclasts counted. Results were ex- 
pressed as number of osteoclasts/field. Due 
to large size of an osteoclast, it was not 
routinely possible to determine which seg- 
ments noted in the microscopic field made up 
a single osteoclast. Therefore, portions of 


t Eli Lilly Co., Parathyroid Extract. 
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TABLE J. Effects of Various Stimuli on Osteo- 
clast Concentration in Rat Femurs. 


No. 
Group rats Osteoclasts/field* 
1 Normal, control 32 3.00 + .07 
2 Normal, 4 4.77 + .44 
250 USP PTHt 
See Exe a aclanic + 2.85 + 18 
4 PTX 7 days, 4 3.42 + .49 
50 USP PTH 
5 NEPX$§ 24 hr 16 6.95 + .82 
Gp DANG elie 9 4.54 + .48 
fT ACV gona 5 6.09 =. 18 


* Field size 0.26 mm”. 

+ Parathyroid extract given 18 hr before sacri- 
fice: 

{ Parathyroidectomized. 

§ Nephrectomized. 

|| Continuous peritoneal lavage. 


Groups 2 and 3 are statistically different from 
Cnoupel Ce << 001 


osteoclasts which appeared as separate units 
in the field were counted separately. While 
this method does not give an absolute count 
of osteoclasts in a given area, it permits a 
quantitative representation of amount of os- 
teoclastic material in a given volume of tissue. 


Results. In Table I are summarized results 
of a variety of experiments designed to show 
a quantitative relationship between parathy- 
roid stimulation and osteoclast formation. 
The ratio found in animals maintained on 
stock diet served as the norm. Since 2 or 3 
days on calcium- and phosphate-free diet did 
not significantly affect this norm, animals so 
treated were grouped with controls. Para- 
thyroidectomy for 7 days reduced signifi- 
cantly the osteoclast count. Treatment of 
such animals with 50 USP units of parathy- 
roid extract returned count to normal, as de- 
termined by bones removed 18 hr after hor- 
mone administration. Quantitative increases 
in osteoclast count above normal were pro- 
duced by treatment with 250 USP units of 
extract, by technic of peritoneal lavage, and 
by nephrectomy. Degree of stimulation noted 
was maximum in bones taken from rats neph- 
rectomized for 24 hr or from those undergoing 
continuous peritoneal lavage for 32 hr. Para- 
thyroid extract (250 USP units) produced a 
stimulation in bones, removed 18 hr after 
administration, similar to that found in bones 
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removed after only 12 hr of continuous lav- 
age. 

A further study was made to determine if 
the ratio of cytoplasmic to nuclear material in 
these multinucleated cells varied with degrees 
of parathyroid stimulation studied. Counts 
of nuclei/osteoclast, however, remained con- 
stant even in bones showing a 100% varia- 
tion in osteoclast count. The fact that num- 
ber of nuclei/osteoclast remains constant, 
even though concentration of osteoclasts can 
change greatly, lends support to the idea that 
osteoclasts are formed by coalescence of other 
cell types; namely, osteoblasts and_ osteo- 
cytes. 


Discussion. Our purpose was to determine 
if changes in parathyroid activity could be 
detected by quantitative change in osteoclast 
concentration of a selected area of long bone. 
Our data indicate such to be the case and 
also demonstrate that the procedure estab- 
lishes a reliable index of changes in endoge- 
nous production of parathyroid hormone as 
well as those noted by exogenous administra- 
tion. 

The data also are of interest in regard to 
normal functioning of the parathyroid gland. 
According to work of McLean(9) and recent 
report of Talmage et a/.(10), bone is under 
continuous influence of hormone from para- 
thyroids due to necessity of “feeding back” 
calcium into body fluids. This concept is 
further substantiated by above data which 
indicate that normal osteoclast concentration 
can only be maintained in parathyroid-intact 
animals, and that a significantly lower level 
appears following parathyroidectomy. 

A further point of interest is substantiation 
of hyperactivity of parathyroids following 
nephrectomy. This has been reported in 
studies of histological changes in the gland 
produced by nephrectomy(11,12). Degree of 
hyperactivity can be compared to animals 
lavaged continuously for 32 hr with a cal- 
cium- and phosphate-free rinse in which it 
can be calculated(13) that over 50 mg of cal- 
cium were removed from the animal. How- 
ever, evidences of secretory changes in para- 
thyroid tissue are most difficult to produce by 
means other than nephrectomy, and it is 
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hoped that our technics will serve as a valu- 
able aid in establishing physiological control 
of parathyroid secretion. 

Summary. A method for quantitative de- 
termination of amount of osteoclast material 
in rat femurs is presented. The number of 
osteoclasts/unit area is sufficiently constant 
in normal animals to permit statistical differ- 
entiation between these and _ experimental 
groups. Parathyroidectomy reduced the os- 
teoclast count, which was subsequently re- 
turned to normal by parathyroid extract ad- 
ministration. Nephrectomy, continuous peri- 
toneal lavage, and parathyroid extract ad- 
ministration to normal animals, all increased 
significantly the number of osteoclasts/unit 
area. Maintenance of a normal osteoclast 
concentration above that of parathyroidec- 
tomized animals is discussed in relation to 
McLean’s ‘‘feed-back” principle of parathy- 
roid action under which continuous secretory 
activity of these glands is assumed. It is felt 
that determination of osteoclast concentra- 
tions as described can be used as index of 
parathyroid activity in studying problems re- 
lated to parathyroid secretion. 
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Deposition of Cholesterol in Experimental Rabbit Atherosclerosis.* (25613) 


ERWIN SCHWENK AND DEAN F. STEVENS (Introduced by Gregory Pincus) 
Worcester Foundation for Experimental Biology, Shrewsbury, Mass. 


The following investigations were made to 
study the fate of cholesterol administered to 
rabbits in amounts known to effect athero- 
sclerotic lesions. 

Methods. Several groups of rabbits were 
fed commercial cholesterol (Wilson), each 
animal receiving 900 mg/day for 12 weeks. 
In each group the commercial material was 
replaced for 6 days as outlined below by one 
or the other of 2 types of radioactive material. 
Cholesterol-C', obtained from livers of rats 
injected with sodium acetate-1-C™ for various 
purposes, was purified through the digitonide 
and the dibromide. Cholesterol-H* was pre- 
pared by Wilzbach’s method at New England 
Nuclear Corp. from cholesterol acetate and 
tritium and was stabilized in this laboratory 
by boiling several times with methanolic so- 
dium hydroxide until the last operations 
showed a nearly constant count of 3.196 « 
10° min./mg. This material was dissolved in 
boiling methanol with calculated amounts of 
commercial cholesterol (Wilson) and left to 
crystallize in the cold. It could not be puri- 
fied further through the dibromide because re- 
peated treatment of a sample with bromine 
and afterwards with zinc and acid showed a 
continuous loss of radioactivity. Cholesterol 
was dissolved in ether and poured together 
with 5% cotton oil over the rabbit chow and 
ether was eliminated by heating under stirring 
or shaking on a water bath. Feeding of radio- 
active and commercial material was done 
every day except on Sunday. Young healthy 
male and female Dutch belted rabbits weigh- 
ing 3 to 4 lb were arranged in groups of 10 to 
13 animals so that each group contained an 
equal number of males and females. One 
group was fed cholesterol-H® during the first 
week, another during seventh week and one 
during twelfth week. In another series choles- 
terol-C' was fed during the first week and 
to 3 animals for 2 days in the twelfth week. 


* This work supported by grants from NIH of 
U.S.P.H.S. and from Am. Cancer Soc. 


At end of the week of radioactive cholesterol 
feeding, 3 or 4 animals were killed and worked 
up, while remainder of group was continued 
on ordinary cholesterol, until at end of 12 
weeks all animals were killed. 


The animals were killed by heart puncture 
and blood was taken for cholesterol deter- 
minations. The animals were then dissected 
into aortae, livers, small intestines, adrenals, 
brains, kidneys and blood; the corresponding 
tissues for each group were combined, weighed 
and hydrolyzed with 30% KOH and the cho- 
lesterol isolated as digitonide. In the C™ ex- 
periments this material was further purified 
by bromination. All these operations have 
been described(1). | Cholesterol-H* was 
counted in a scintillation counter, while for 
cholesterol-C! an end window or scintillation 
counter was employed. 


All animals showed atherosclerotic lesions 
of varying degrees on macroscopic inspection 
but no histological evaluation was made. 
Cholesterol determination in blood serum at 
time of killing showed usual considerable rise 
of serum cholesterol in most animals. 

Results. The results are presented in Tables 
I and II. Radioactive cholesterol was found 
at end of 1 week feeding in each tissue but in 
different amounts. The brain showed lowest 
deposition. Even after only 2 days feeding of 
cholesterol-C! as in Exp. 3 of Table I the 
substance isolated from aortae contained ra- 
dioactivity. From the count of this material 
and total radioactivity fed, one can calculate 
the amount of cholesterol laid down during 
feeding and relate it to weight of tissue. It is 
thus found that the amount of cholesterol de- 
posited in the aorta/feeding day/animal/g of 
wet aorta weight was 0.03 mg (0.029-0.032) 
for the 3 experiments carried out with choles- 
terol-C'*. Exp. 2 showed that after deposi- 
tion of radioactive substance in the aorta, 
further feeding of ordinary cholesterol not 
only covered the radioactive layer but re- 
placed the radioactive substance and a nearly 
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In almost all tissues purification of the 


increased their cholesterol content from 2.5 
ity decreased from 130 counts to a trace. 
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the end of, for example Exp. 2, the aortae had 
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digitonin precipitate by bromination showed 
some formation of cholesterol derivatives, 
which were still precipitable. 


Much the same situation was found in Exp. 
1-4 of Table II with cholesterol-H*. When 
this substance was fed in the first or seventh 
week and ordinary cholesterol was given dur- 
ing remaining part of experiments, radioactiv- 
ity at the end of 12 weeks decreased consider- 
ably in all tissues. As in experiments with C™* 
this decrease was greater than a possible dilu- 
tion caused by increase of total cholesterol in 
the tissues. For example, in Exp. 1 the aorta 
cholesterol doubled from 1.5 to 3.0 mg/g wet 
tissue whereas the count dropped from 2410 
to 208. In other tissues such as liver, small 
intestine or adrenal, this discrepancy, possibly 
because of their specific metabolism, was more 
pronounced. Only in the brain was a definite 
increase of radioactive material observed at 
end of experiments, although these counts re- 
mained quite low. This may be so because 
the brain has apparently a very low choles- 
terol turnover—adult brain does not synthe- 
size cholesterol from acetate(2)—and ex- 
change of cholesterol between blood and brain 
may be very limited(3). The decrease in 
counts of cholesterol in all tissues is therefore 
determined not only by dilution with non- 
radioactive cholesterol present in the tissue 
prior to feeding, or by subsequent deposition 
of non-radioactive substance fed after the 
radioactive feeding period, but also by the 
specific metabolism including biosynthesis of 
cholesterol in each tissue. It is further inter- 
esting to note that even after one week’s feed- 
ing whether it was the first, seventh or twelfth 
week in the experiment, the counts of choles- 
terol-H® used were diluted in each tissue at a 
different rate. Thus for example the relation 
of the count in starting cholesterol to the 
count in cholesterol isolated from the aortae 
in Table II is 8.2, 10.6, 10.5 and 9.8 after 1 
week of feeding of radioactive material. The 
same calculation however gives 36.4 and 25.1 
in Exp. 1 and 2 (Table I) with cholesterol- 
C1! which were carried on for 1 week. It was 
pointed out above that amount of cholesterol 
laid down in the aortae/day/animal, and /g 
of wet aorta weight can be calculated as 0.03 
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mg. The same calculation extended to experi- 
ments with cholesterol-H® in Table II, gives 
considerably lower values, namely 0.011 
(0.005-0.017). Similar differences are found 
between experiments of Tables I and II for 
other tissues investigated, with exception of 
the brain where the figures are too small to 
allow evaluation. Dilution of the original 
count was always greater for cholesterol-H? 
than for cholesterol-C'. In both types of ex- 
periments however the amount of radioactive 
material fed was the same, namely 900 mg/ 
day/animal and it is therefore evident that 
the amount of deposited radioactive material 
must be the same for each corresponding pair 
of tissues of Tables I and II. The explana- 
tion of the discrepancies seems to be that in 
the C!+-material the radiocarbon is part of the 
skeleton of the molecule, while the radioactive 
hydrogen is on its periphery, exposed to at- 
tack of oxygen, and therefore can be detached 
from the molecule without destroying its in- 
tegrity. Borgstroem and Wintersteiner (4) 
have indeed shown that cholesterol in col- 
loidal suspension, under conditions similar to 
those in blood, is very easily oxidized by 
molecular oxygen, giving 7-keto- and 7a- or 
78-hydroxycholesterol. Katienagar and Mor- 
ton(5) found in plaques of human aortae 
A®,A°-diene-7-one and other substances de- 
rived from cholesterol by oxidation. These 
findings were confirmed by Henderson(6) 
who by paper partition chromatography dem- 
onstrated in human aortae the presence of 
A’-cholestene-38,7-diol, A°-cholestene-3 8 ,7a- 
diol, cholestane-38,58,68-triol and A®-choles- 
tene-38, 24 (or 25)-diol. All these substances 
can only be formed from cholesterol by loss 
of hydrogen which in cholesterol-H? causes 
the observed decrease of radioactivity. A fur- 
ther loss of hydrogen and therefore tritium 
may be effected by dehydrogenation. Festen- 
stein and Morton(7) made probable the pres- 
ence in tissues of a specific dehydrogenase, 
the normal substrate of which is cholesterol. 


This peripheral oxidation of cholesterol 
may account for the striking differences be- 
tween experiments with the 2 types of radio- 
active cholesterol (7.e., C'! or H®). However 
the almost complete disappearance of radio- 
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activity when one week of radioactive choles- 
terol is followed by 7 or 11 weeks of ordinary 
cholesterol, is explained by degradation of the 
cholesterol skeleton itself in formation of bile 
acids and by elimination of cholesterol 
through the feces. 

The figures for cholesterol isolated from 
blood suggest that a large part of oxidative 
degeneration must occur in blood, in agree- 
ment with experiments of Borgstroem and 
Wintersteiner(4). The small differences be- 
tween the digitonin and dibromo-cholesterol 
figures in Table I showed that in the course 
of 1 week during which radioactive material 
was fed, little degradation of the cholesterol 
skeleton itself occurred. 

Continuation of experiments with both 
types of radioactive cholesterol by feeding 
non-radioactive substance resulted in consid- 
erably lower counts in most tissues. This 
shows that there is a continual exchange and 
subsequent degradation taking place between 
cholesterol of tissues and blood. Such re- 
action has been observed before(8) but it is 
surprising that in the aortae, where choles- 
terol is deposited in plaques, such an exchange 
is also functional. While it is not possible to 
decide how much of these changes occur in 
blood before and how much in the tissue after 
deposition of cholesterol, it is quite probable 
that almost all of it is finally broken down in 
the liver and so disposed of, thus explaining 
disappearance of radioactivity at end of ex- 
periments. 

The experiments here reported are in agree- 
ment with Biggs and Kritchevsky(9) who fed 
cholesterol-H® to rabbits and established that 
exogenous cholesterol is deposited in tissues, 
and of Dayton(10) who fed cholesterol-C™ 
to chicks. The present work however shows 
that cholesterol, once deposited, is continu- 
ously exchanged between tissues including 
aortae and blood and that the amounts in- 
volved in these shifts are extremely small. 
The smallness of the deposit in the aortae— 
only 1/3000 of 1 percent of cholesterol ad- 
ministered—explains why the accumulation of 
deposits in the aortae takes as long as known 
from the course of human disease, and sup- 
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ports the view that cholesterol deposition is 
not the primary damaging factor in athero- 
sclerosis. 

Summary. Cholesterol-C! and cholesterol- 
H® were fed to rabbits for 1 week and choles- 
terol was isolated from aortae, livers, small 
intestines, adrenals, kidneys, brains and 
blood. Isolated material from all tissues had 
a lower count than the material fed. It was 
surprising that cholesterol-H® counts were 
always comparatively lower than cholesterol- 
C™ counts. This discrepancy may be ex- 
plained by a peripheral oxidation of the cho- 
lesterol-H*® molecule, in which it loses radio- 
active hydrogen and therefore radioactivity. 
This peripheral oxidation is apparently 
mainly operative in blood. If after feeding 
of radioactive material non-radioactive cho- 
lesterol is fed for 7 or 11 weeks, radioactivity 
in both types of experiments is reduced to a 
small fraction of original values. From these 
data one can calculate that about 0.03 mg 
cholesterol are laid down in the aorta/animal/ 
day/g of wet tissue, a very small part of the 
900 mg fed/day/animal. The experiments 
show that there is a continuous exchange of 
radioactive cholesterol between tissues and 
blood in which even the plaques, formed in the 
aortae, must take part. 

The help of Erszebet Joachim, Eva Moring and 
Deirdre McLeod is gratefully acknowledged. 
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Propagation of Columbia SK Virus in Ehrlich Ascites Tumor Cells 


with Oncolysis. 


(25614) 


E1cut FuRUSAWA AND WINDSOR CUTTING 
Dept. of Medical Microbiology Stanford University, Calif. 


Virus propagation in Ehrlich ascites tumor 
cells first reported by Koprowska and Kop- 
rowski(10) included the Mengo and EMC 
viruses of the Columbia SK group. The se- 
vere oncolysis was confirmed by Flanagan and 
Colter(3), and Levy and Snellbaker(11). 
Growth of these viruses and the F virus(8) 
and the MM virus(12) in cell culture also 
produced cell damage. Only Columbia SK 
virus of this group has failed to reproduce or 
to show cytopathogenic effects in tissue cul- 
ture, though it may interfere with growth of 
other viruses(9). We now report the propa- 
gation of the SK virus in tumor cells with 
severe oncolysis. 

Materials and methods. Ehrlich ascites cells 
were inoculated with Columbia SK virus from 
mouse brain passage. A mixture of 0.1 cc of 
10° dilution of original brain suspension con- 
taining about 10° LD; of virus and 0.3 cc of 
Ehrlich ascites fluid (cells) was inoculated 
into the peritoneal cavity of 3 to 5 mice. Be- 
fore the mice died 3 to 5 days after inocula- 
tion, the infected ascites were aspirated, the 
cavity washed with 2 cc of saline, and 0.1 cc 
of ascites-saline fluid was inoculated, together 
with 0.3 cc of fresh Ehrlich cells, into new 
mice. This procedure was repeated through 
4 generations. In fifth and subsequent gen- 
erations the procedure was altered as follows: 
Infected ascites were centrifuged and 0.1 cc 
of 10° dilution of the supernatant containing 
no cells used as the next inoculum. Trans- 
mission was followed for 27 generations. Con- 
trol mice were similarly inoculated with 0.1 cc 
of saline mixed with 0.3 cc of Ehrlich cells in 
place of the virus-Ehrlich cell mixture. 
Smears were prepared of each ascitic fluid, 
fixed with methanol, then stained with Giemsa 
solution and degree of cell damage observed. 
Some preparations were stained with acridin 
orange and studied in the fluorescent micro- 
scope(7). At each generation number of cells 
in the ascitic fluid was counted, and titer of 


virus and hemagglutinin calculated. For the 
hemagglutination and antihemagglutination 
tests, 1% of sheep red cells suspended in 
Mayer’s barbital buffered saline was used(6). 
Anti-SK serum was made in rabbits by sev- 
eral injections of the source virus from mouse 
brain. 

Results. 1. Oncolytic effect of Columbia 
SK virus on Ehrlich tumor cells. At the first 
inoculation with the virus from mouse brain, 
there was moderate cell degeneration, chiefly 
an increase of vacuoles in the tumor cells. 
This was much less pronounced in the second, 
third and fourth generations, but during these 
generations blind passages were continued. 
At the fifth generation the infected ascites be- 
came semi-transparent, with a decrease in cell 
count, and in smear preparations severe cell 
damage to most of the cancer cells was seen. 
The nuclei were pycnotic and karyorrhectic, 
the nucleoli had disappeared and the chroma- 
tin was rough. Many cells were of irregular 
shape, and in others the cell wall disrupted 
with freed nuclei. Many vacuoles were ob- 
served in the nuclei and cytoplasm of the 
cells considered infected. Cytoplasm of the 
damaged cells stained poorly and very little 
orange fluorescence, specific for ribonucleic 
acid, could be seen after staining with acridin 
orange. No specific findings such as inclu- 
sion bodies or cytoplasmic masses could be 
observed. From the 5th to the 27th (present) 
generation, except for the 10th, destruction of 
tumor cells mentioned continued in from 
moderate to severe degree (Table I). Cell 
counts made at the 9th and at a number of 
subsequent generations showed a marked 
diminution in number of cells (Table I). The 
mice were usually paralyzed by the virus in- 
fection by the 4th day and dead on the 4th 
to Sth day. Fig. 1 shows the typical cyto- 
pathogenic changes. 

2. Hemagglutination of infected ascites. 
Agglutination of sheep red cells by ascitic 
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TABLE I. Oncolytic and Hemagglutination Effects 
of Columbia SK Virus on Ehrlich Tumor Cells. 


Oncolytic effects 3-4 days 
after infection 


HA titer of 

No. of Cell Total No. of cell-free 
passage destruction cells in fluid ascitic fluid 
Control = TOs: 0 

1 <= 

2 = 

S — 4 

4 = 4 

5 ts ; 128 

6 a 10° 32 

7 + 10° 64 

8 Se 

9 + Be 5 

10 —- 10° 8 

11 oe > XK 10° 

12 + By 

13 ae 16 

14 ate 5 X 10° 16 

15 te 10° 256 

16 + 4 X 10° 

1 ae 5 X 10° 16 

18 + 

19 ais 10° 256 

20 a6 510° 

21 a6 10° 

22 + 

23 -+- Sexe Oe 

24 at 3 <I? 

ASS + 10° 256 

26 oe 10° 


fluid was titrated by the method of Horvath 
and Jungeblut(6); no hemagglutinin was de- 
tected with either the cell-free portion of nor- 
mal ascitic fluid or the resuspended cancer 
cells. Hemagglutinins were detectable in 
varying titer in the infected ascitic cell-free 
fluid (Table I). Maximum titer was 1:256, 
noted in the 16th, 19th and 25th generations. 
Hemagglutinin titer in the tumor cells (when 
liberated by cell destruction using dry ice and 
acetone) was higher than in the cell-free fluid: 
1:128 as compared with 1:32 at the 12th 
generation, and 1:32 as compared with 1:12 
at the 13th generation. 

3. Virus titration of infected ascites. In- 
fected fluids diluted to 10% at the Sth, 8th 
and 9th generations were inoculated intra- 
peritoneally without cancer cells, with survi- 
val of all the mice. However, when the inocu- 
lations were accompanied by uninfected can- 
cer cells, all the mice became paralyzed with- 
in 5 days. The titer of active virus contained 
in cell-free fluid of the 7th generation was 
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10° LD; per 0.1 ml when it had been inocu- 
lated with Ehrlich cells, but only 10? LDso 
when inoculated intraperitoneally without 
cancer cells. This phenomenon was presum- 
ably due to adaptation of virus to the Ehrlich 
cells and to its more rapid propagation in 
them. When the virus was injected intra- 
peritoneally and the cancer subcutaneously, 
or conversely, evidence of virus infection, 7.e., 
paralysis, was delayed for 3 to 5 days. Re- 
sults with disrupted cells were the same as 
with the cell-free ascitic fluid. Amount of 
intracellular virus in both the 7th and the 
15th generations was 10° LD; per 0.1 ml 
after cell destruction using dry ice and ace- 
tone. 


4. Antihemagglutination tests. The anti- 


genicity of the adapted strain was tested with 


oO 


FIG. 1. Oneolytie changes produced in Ehrlich 
ascites cells by infection with adapted Columbia 
SK virus. 1. Normal Ehrlich ascites cells. 2. In- 
fected cells (11th generation, 3 days after infec- 
tion). Many vacuoles in most of the cells, and even 
in the mitotic cells (arrows). 3. Infected cells 
(27th generation, 3 days after infection) showing 
vacuolar degeneration. 4. Infected cells (27th gen- 
eration, 4 days after infection) showing oncolysis. 
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TABLE II. Effect of Immune Serum on Oncolysis, 
Neutralization and Anti-Hemagglutination. 


Total Anti- Virus 

cell HA titer 
Serum Oncolysis count titert neutralized 
Normal* a 36 1G ee (0) 
Immune* — Jk aly 1:640 10°*4 


* Using 10 dilution of sera adsorbed with Ehrlich 
cells. 

t Using 4 units of hemagglutinin of 19th infected 
ascites. . 

t0.1 cc of 10° dilution of 19th passage ascites, 
containing about 10° LDso of virus, was neutralized 
by 0.1 cc of 10° dilution of immune serum. 


anti-SK rabbit serum made by the subcu- 
taneous infections of mouse brain virus once 
a week for 4 weeks. In the last inoculum the 
virus was mixed with Freund adjuvant. The 
anti-HA titer of the serum from rabbits inocu- 
lated with the adapted strain was 1:64 after 
the third inoculation (preceding the Freund 
adjuvant) ; after the fourth inoculation it was 
eM AReH0): 

5. Neutralization tests. After adsorption 
(using the Ehrlich cells) of non-specific anti- 
body against mouse tissues, a 10 dilution of 
the immune serum was mixed with a 10° dilu- 
tion of infected fluid from the 19th generation 
plus Ehrlich cells. This mixture was then 
inoculated into mice. Control mice were in- 
jected with the same dilution of virus and 
Ehrlich cells in normal rabbit serum. After 
3 days all control mice became paralyzed, and 
the cancer cells showed great destruction, 
while mice inoculated with the immune serum 
mixture were healthy and the cancer cells es- 
caped oncolysis (Table II). Ehrlich cells 
mixed with the infected ascitic fluid (21st 
generation) were free of oncolysis when inocu- 
lated into the abdominal cavities of mice im- 
munized by injection of ultraviolet-inacti- 
vated brain virus once a week for 4 weeks, 
showing similar antigenicity in the original 
brain virus and the adapted strain. 

6. Trials: against cell cultures of Sarcoma 
180. To study the cytopathogenicity of the 
adapted SK virus, infected ascites from the 
19th, 24th and 25th generations were inocu- 
lated into established cell cultures of Sarcoma 
180 growing in Medium 199 with 5% of calf 
serum. No cell destruction occurred. The 
19th inoculum was passed at 4-day intervals 
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through 3 generations at 107+ dilution, but no 
cytopathogenic effect appeared. Third gen- 
eration inoculum was injected into mice to- 
gether with Ehrlich cells, but none of the 
mice became paralyzed. 


Discussion. The evidence that the virus 
was adapted to and reproduced in the tumor 
cells lies principally in the fact that the 
adapted virus alone had a low infectivity 
titer, but when given with Ehrlich tumor cells 
was highly lethal to the mice. Thus, adapted 
virus showed a titer of 10° LDs5o per 0.1 ml 
when inoculated with tumor cells, but only 
10? LDs 9 when inoculated without such cells. 
This thousand-fold difference may be inter- 
preted as indicating that 99.9% of the virus 
was adapted to the Ehrlich cells and was in- 
capable of producing death without passage 
through such cells. 

Adaptation of other viruses to Ehrlich as- 
cites cells has been accomplished or at- 
tempted: Influenza by Ackermann(1), NDV 
by Flanagan, Love and Tesar(4), Mengo by 
Flanagan and Colter(3), and vaccinia by 
Cassel(2) and by Furusawa, Toyoshima and 
Miyagawa(5). 

Summary. Propagation of Columbia SK 
virus in Ehrlich ascites cells in vivo is de- 
scribed. After several passages an adapted 
strain of SK virus having an oncolytic effect 
was obtained. The adapted strain was rela- 
tively non-pathogenic for mice unless accom- 
panied by Ehrlich cells, in which it could 
propagate freely. This strain, after many 
passages, maintains ability to agglutinate 
sheep red cells and is neutralized by anti- 
serum ggainst the original brain virus. The 
strain shows no cytopathogenicity to Sarcoma 
180 cells in tissue culture. 
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Jacques A. LEBLANC 
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Soon after its tranquilizing effect had been 
described(1) chlorpromazine was shown to 
decrease significantly the oxygen consumption 
of the whole animal(2). This effect combined 
with inhibition by chlorpromazine on the heat 
regulating center of the hypothalamus(1), 
and with the increased peripheral heat lost (3) 
constitute the main factors responsible for the 
marked hypothermia in animals injected with 
chlorpromazine. Other studies, which have 
shown that chlorpromazine inhibits activities 
of both cytochrome oxydase and adenosine 
triphosphatase(4,5,6) indicate that the de- 
crease in metabolism caused by chlorproma- 
zine may be due to some disturbances in meta- 
bolic pathways. Similarly insulin is also known 
to cause some inhibition in metabolic path- 
ways as evidenced by its effect on hexokinase 
(7). Itis also generally accepted that the de- 
pletion of substrate for cerebral metabolism, 
which is caused by insulin, is the sole explana- 
tion for the neural effect of this insulin on the 
brain and for its use in psychiatry(8). For 
these reasons it was postulated that chlorpro- 
mazine and insulin could potentiate one an- 
other on their effect on oxygen consumption or 
body temperature and on sleeping time of 
short-acting barbiturates such as hexobarbital. 

Materials and methods. Two experiments 
were performed. In the first male albino rats, 
weighing 200 to 250 g, were used. The cri- 
terium for evaluating response to chlorproma- 
zine was changes in rectal temperature as es- 
timated by inserting a thermistor to a depth 
of 40mm. Blood glucose determinations were 


also made on some groups of the first experi- 
ment. In this experiment 4 groups of 6 rats 
were used. Group 1 received chlorpromazinet 
(CPZ) (1 mg/kg); Group 2, CPZ (5 mg/ 
kg); Group 3, CPZ (10 mg/kg); Group 4, 
CPZ (1 mg/kg) plus insulin regular (IR) (4 
I.U./kg); Group 5 CPZ (5 mg/kg) plus IR 
(4 1.U./kg); and Group 6, CPZ (10 mg/kg) 
plus IR (4 I.U./kg). In the second experiment 
4 groups of mice weighing 20 g were used. All 
5 groups received hexobarbital (100 mg/kg). 
In addition Group 2 received IR (4 I.U./kg), 
Group 3 CPZ (1 mg/kg) and Group 4 regular 
insulin (4 I.U./kg) plus CPZ (1 mg/kg). 
All substances were injected intraperitoneally. 
Insulin and CPZ were injected, one hour and 
one half-hour respectively, before injection of 
hexobarbital. Sleeping time was the length 
of time between loss and reestablishment of 
righting reflex(9). 

Results. A. Potentiation of chlorpromazine 
hypothermia by insulin. The results obtained 
in the first experiment are illustrated in Fig. 1 
and 2. Fig. 1 shows that if the dose of chlor- 
promazine is sufficient to induce hypothermia 
(5 and 10 mg/kg), insulin potentiates this 
drop in body temperature. Furthermore, a 
dose of chlorpromazine of 5 mg/kg is potenti- 
ated sooner than a higher dose (Fig. 2); how- 
ever insulin potentiates for a longer time a 
larger dose of chlorpromazine (10 mg/kg). ° 
In other words insulin by itself has no effect 
on body temperature but it greatly potenti- 
ates the hypothermia of chlorpromazine. 
Blood sugar determinations indicate that 


* This work supported by grant from Canadian 
Nat. Research Council. 


+ Chlorpromazine was generously supplied by Poul- 
enc Ltd. under trade name of Largactil. 
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FIG. 1. Potentiation of chlorpromazine hypo- 


thermia by insulin (4 I.U./kg). 

FIG. 2. Effect of insulin (4 I.U./kg) on hypo- 
thermia induced by different doses of chlorproma- 
zine. 


chlorpromazine (10 mg/kg) increases blood 
sugar (132 + 8 mg %) as compare to the 
normal value of 98 + 6 mg %. However si- 
multaneous injection of chlorpromazine (10 
mg/kg) plus insulin (4 I.R./kg) produces a 
marked hypoglycemia (52 + 4 mg %) which 
TABLE I. Increase by Chlorpromazine of Hexo- 


barbital Sleeping Time and Potentiation of This 
Inerease by Insulin. 


Sleeping No.of Value of 
Treatment time (min.) animals nips 
THexobarbital 30 +3 9 0 
(100 mg/kg) 
Idem + chlorpro- bye 3) 8 05 
mazine (1 mg/kg) 
Hexobarbital (100 36 + 4 9 Sill 
mg/kg) + insu- 
lin (4 1.U./kg) 
Idem + chlorpro- 82 + 9 Fi 


mazine (1 mg/kg) 
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resembles that of insulin when used alone (49 
Be pris V6) 

B. Potentiation of chlorpromazine in- 
crease in hexobarbital sleeping time by insu- 
lin. The results are summarized in Table I. 
Insulin has no effect on hexobarbital sleeping 
time. However when used with chlorproma- 
zine it greatly potentiates the effect of this 
substance. The increased sleeping time in- 
duced by chlorpromazine in animals receiving 
hexobarbital is larger still if the animals are 
injected simultaneously with insulin. 


Discussion. Insulin, at the levels used in 
our study, has no effect on body temperature 
of rats or on sleeping time of hexobarbital in 
mice. However when used with chlorproma- 
zine it exaggerates the hypothermia and pro- 
longed hexobarbital sleeping time normally 
observed with this tranquilizer. Consequently 
a marked potentiation of chlorpromazine by 
insulin was obtained. However chlorproma- 
zine has no effect on insulin hypoglycemia, 
since our results show that the marked hypo- 
glycemia of insulin is not changed by chlor- 
promazine. This result confirms previous re- 
ports(10,11) that chlorpromazine does not 
alter the hypoglycemia of insulin. 

The 2 criteria used in this study are hypo- 
thermia and hexobarbital sleeping time. Since 
these two functions are centrally controlled 
and both exaggerated by chlorpromazine, it 
is possible that potentiation of chlorpromazine 
by insulin originates in the central nervous 
system. =) 

Summary. The action of insulin as poten- 
tiator of chlorpromazine was tested. Under 
conditions of our experiment, insulin had no 
significant effect on body temperature of rats 
and on sleeping time of hexobarbital in mice. 
However insulin greatly potentiates the hy- 
pothermia and prolonged hexobarbital sleep- 
ing time normally caused by chlorpromazine. 
On the other hand the hypoglycemic effect of 


insulin was not potentiated by chlorproma- 
zine. 


1. Courvoivier, S., Arch. Inter. Pharmacodyn, 1953, 
v92, 305. 


2. Popovic, V., Compt. rend. soc. biol., 1954, v148, 
845. 


3. LeBlanc, J., J. Appl. Physiol., 1958, v13, 237. 


LyMpuHocytTIc CHORIOMENINGITIS PLAQUES 


4. Abood, L. F., Proc. Soc. Exp. Biot. AND Mep., 
1955, v88, 688. 

5. Century, B., Horwitt, M. N., zbid., 1956, v91, 
493. 

6. Bernsohn, J., Namajuska, I., Cochrane, L. S. G., 
ibid., 1956, v92, 201. 

7, Stadie, W. C., Am. J. Med. Sci., 1955, v229, 233. 

8. Wikler, A., Relation of Psychiatry to Pharma- 


623 


cology, Williams and Wilkins, 1958. 

9. Brown, B. B., Ann. N. Y. Acad. Sci., 1957, v66, 
677. 

10. Lancaster, N. P., Jones, D. H., Brit. Med. J,, 
1954, v565, ii. 

11. Christy, N. P., Longson, D., Horwitz, W. A., 
Knight, M. M., J. Clin. Invest., 1957, v36, 543. 


Received January 12, 1960. P.S.E.B.M., 1960, v103. 


Cytopathogenicity and Plaque Formation with Lymphocytic 


Choriomeningitis Virus.* 


(25616) 


Lots M. BENSON AND JoHN E. Hotcuin (Introduced by Rachel Brown) 
Division of Laboratories and Research, N. Y. State Dept. of Health, Albany 


During experiments(1) aimed at a better 
understanding of pathogenesis of lymphocytic 
choriomeningitis (LCM) virus infection in 
mice and ability of infant mice to develop 
immunological tolerance to it, an attempt was 
made to obtain cytopathic effects (CPE) and 
a plaque assay with this virus. Previous 
work indicated that LCM virus is not readily 
cytopathogenic in tissue culture, except in 
KB cells(2). An earlier attempt to obtain a 
plaque assay with these cells was not success- 
ful. In our hands several other cell lines in- 
cluding HeLa, Detroit 6, human intestine, 
human liver, human kidney, FL, primary 
human amnion and L cells have shown no 
effects in spite of virus multiplication. How- 
ever chick embryo tissue cultures appeared to 
have possibilities since infected cultures, kept 
3 weeks or longer, showed decreased acid pro- 
duction with less luxuriant growth than con- 
trols. Experiments were therefore set up in 
which LCM mouse brain virus (the WE strain 
obtained originally from Rockefeller Inst.) t 
was passed in series through chick embryo 
tissue cultures. 

Methods. Cells were prepared from 9-day 
chick embryos using Dulbecco’s method(3). 
One ml of tissue suspension at a concentration 
of 300,000 cells/ml in growth medium was 
used to seed 16 X 125 mm screw-capped test 


* Aided by grant from National Fn. 


+ Kindly supplied by Dr. F. P. Nagler, Dept. of 
Nat. Health and Welfare, Ottawa, Canada. 


tubes. The nutrient medium consisted of 
20% calf serum, 5% chick embryo extract, 
75% Medium 199 with penicillin and strepto- 
mycin. After 2 days’ incubation, cultures 
were washed with Hanks tris pH 7.2 (M/50 
tri (hydroxymethyl) amino methane in Hanks 
saline) and infected with LCM virus. A cyto- 
pathic effect was produced in the first chick 
embryo tube passage. In 6 days LCM in- 
fected cultures appeared slightly more granu- 
lar than controls and the sheets were begin- 
ning to break. In 9 days the sheets in in- 
fected cultures were completely broken up, 
only single cells remaining, whereas cell sheets 
in control tube were intact. At this time pH 
of control culture fluid was 6.8 and pH of 
LCM culture fluid was 7.5 or higher. Forty 
serial passages of this virus have been made 
using at first 3- or 4-day and then 7-day fluid 
from LCM infected cultures as inoculum; the 
final passes produced a moderate CPE in 5 
days and a moderate color change in 7 days. 
Control culture fluid has been passaged simi- 
larly, and has shown no CPE. 

Results. Mice inoculated intracerebrally 
with LCM culture fluids at various passage 
levels, diluted 10 or 10-*, produced typical 
LCM convulsions and deaths. Undiluted con- 
trol fluids never caused illness or death of 
mice. Titrations indicated that maximum 
virus titer in tubes was reached by 7th day. 
CPE was obtained in terminal dilution (10) 
tubes after 12 days; no new CPE appeared 
later. In a neutralization test in mice, virus 
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FIG. 1. Photograph of 10 em Petri plate showing 
LCM plaques 13 days after inoculation of chick cell 
monolayer. 


in 7-day fluid was neutralized at 10° but not 
10+ by anti-LCM guinea pig serum, but not 
by normal guinea pig serum. The 7-day fluid 
gave a positive result by complement-fixation 
test without anticomplementary effects with 
specific antiserum. 

An attempt was made to produce plaques 
on chick embryo monolayers with the chick 
cell adapted strain. Monolayers were made 
by seeding 10 ml of cells at concentrations of 
1.2-1.5 < 10®/ml in 10 cm. Petri plates. 
Monolayers were inoculated with 0.5 ml of 
inoculum and incubated for 34 hour adsorp- 
tion period. Overlay (9 ml/plate) was com- 
posed of 15% tryptose phosphate broth and 
1% agar in M 199. On 2nd, 6th, and 10th 
days, additional overlays (3 ml) were added, 
the last one containing 1/8000 neutral red. 
Round plaques approximately 5 mm in di- 
ameter appeared on 12th day (Fig. 1). On 
4 occasions 3 plaques and 3 adjacent “non- 
plaque” areas were removed, each emulsified 
in 1 ml of 10% normal guinea pig serum in 
saline and inoculated intracerebrally (0.03 
ml) into 5 mice. All mice inoculated with 
undiluted plaque suspensions died with typi- 
cal LCM convulsions, whereas mice receiving 
control area extracts remained healthy. 

A surprising result was obtained when 
monolayers were infected with 20% LCM in- 
fected mouse brain suspension (original virus 


unadapted to tissue culture) and treated as 
above. Plaques appeared on 12th day and 
were apparently the same as those produced 
with tissue culture adapted virus. A com- 
parison was made /ml of virus preparation of 
sensitivities of the following methods of as- 
say: plaque assay expressed as plaque-form- 
ing units (PFU), tissue culture assay ex- 
pressed as 50% infective dose (TCIDs50) as 
determined by cytopathogenicity, and 50% 
mouse lethal dose assay (LD50) by intra- 
cerebral inoculation. Five different prepara- 
tions were assayed by both PFU and LD5o, 
and 7 by both TCIDs, and LDs» (Tables I, 
II). Average ratio LDs9/ml: TCID;9/ml: 
PFU/ml was 1:0.73:0.23, indicating a very 
close agreement between the 3 methods, with 
descending sensitivity between mouse, tissue 
culture, and plaque methods. 

A disadvantage of this assay has been the 
difficulty experienced in regularly keeping the 
monolayers alive for a minimum of 12 days. 
Duration of cell viability varied between a 
maximum of 20 and a minimum of 10 days. 

Summary and conclusions. At first it was 
thought that 40 passages of the virus in chick 
tissue had increased its cytopathogenicity to 
the point where plaque production could oc- 


TABLE I. Relationship Between Plaque Titer 
(PFU/ml) and Mouse Titer (I.C. Inoculation, LD<o/ 
ml) of LCM Virus Preparations. 


Mouse titer 


Avg No. of expressed 

PFU/ml in LDs0/ml 

1.6 X 10* Bo OK C= 

Bil SS NOY TGS eee 

1.6 X 10° 1.04 X 10° 

2.9 X 10° Idem 

20X10: Z 

TABLE II. Relationship Between Mouse Titer 


(LDs0) and Tissue Culture Titer (TCIDs0) of LCM 
Virus Preparations. 


Mouse titer 


No. of days expressed Titer expressed 
harvested as LDx/ml as TCIDs0/ml 
1 3.3)593X 10* 1h, Be NO) 
2 ee SC MOY? 1. >< 105 
5 1.65 X 10* ile DS iG? 
6 Idem Idem 
if A >< Aloe Hoe, DX NG 
8 1e65e Xers “Idem 
9 Caos fe Is SS NO? 
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cur. However ability of non-adapted strain 
to produce plaques refutes this conclusion. 
In retrospect it appears that no actual change 
in virus had occurred during serial passage, 
but the observation that CPE could be regu- 
larly produced after as long as 12 days led to 
use of above procedure and successful produc- 
tion of plaques appearing with this virus at 
relatively late time of 12 days after inocula- 
tion. The sudden appearance of plaques 
seems unusual; apparently the final change 


\ 
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of CPE, resulting in loss of neutral red stain- 
ing, must occur very suddenly with this sys- 
tem, resulting in overnight appearance of 
plaques. 
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Agar Diffusion Method for Detection and Bioassay of Antiviral Antibiotics. 
(25617) 


ERNEST C. HERRMANN, JR., JANIS GABLIKS, CLAIRE ENGLE AND PRESTON L. PERLMAN 
Biochemistry Dept., Schering Corp., Bloomfield, N. J. 


The discovery of antibacterial and antifun- 
gal antibiotics clearly indicates that microbial 
cultures contain a wealth of diverse biochemi- 
cals useful in infectious disease. Unfortu- 
nately, there has been little progress in the ex- 
ploitation of such microbial products for treat- 
ment of human and animal viral diseases. A 
major reason for this failure may lie in the 
time-consuming, cumbersome and insensitive 
technics that until recently were a necessary 
feature of virus research. Such technics did 
not permit large-scale screening of microbial 
cultures important to the discovery of clini- 
cally useful antibiotics. Furthermore, even if 
a naturally occurring antiviral agent were dis- 
covered, there were no satisfactory bioassay 
systems available to cope with the hundreds 
of assays essential to successful fermentation 
and isolation of the active principle. The fol- 
lowing is a description of a filter paper disc- 
agar plate technic, similar to that used in bac- 
teriology as applied to screening and assay 
of antiviral agents. The suggestion that such 
application was possible was made by De So- 
mer and Prinzie(1) in their description of a 
similar method used for measurement of polio- 
virus antibody. More recently, Porterfield 
(2) applied this approach to interferon bio- 
assay. 

Materials and methods. Preparation of 
virus-infected agar plates. Trypsinized chick 


embryo cells were prepared as described by 
Dulbecco(3), suspended in Melnick’s lactal- 
bumin  hydrolysate-calf serum medium(4) 
with Earle’s bicarbonate balanced salt solu- 
tion, to produce 3.5 & 10° cells per ml. The 
cell suspension was adjusted to pH 7 with 
COs, then poured into acid dichromate 
cleaned, sterile Pyrex baking dishes (10 
61% inches), 85 ml per dish. The dishes were 
sealed air tight with Saran Wrap (Dow 
Chemical Corp.) and the medium readjusted 
with CO, to a pH 7.5 if required. This sec- 
ond gassing is often necessary because of the 
rapid loss of COs from the relatively high bi- 
carbonate containing medium during incuba- 
tion period. About 5 to 10 chick embryos, 
depending on their age, were required to pro- 
duce enough cells for a single dish. Eleven- 
day-old embryos seemed to produce the best 
cell yield. After 48 hr incubation at 36°C 
the chick embryo cells grew into a confluent 
sheet; the medium was discarded and the cell 
culture infected with a 5 ml suspension of one 
of the following viruses: West Nile virus 
(Egypt 101 strain from Dr. Joseph Melnick, 
Baylor Univ.), vaccinia (WR, mouse neuro- 
tropic), herpes simplex (HF378) and New- 
castle disease (California No. 11914) viruses 
obtained from American Type Culture Collec- 
tion. The virus was incubated with the cells 
for 1 hr, then 65 ml of overlay medium con- 
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FIG. 1. Composite screening plate using vaccinia 

virus. Test dises intentionally used to show ap- 

pearance of zones produced by a toxie substance 

(T) and zones resulting from an antiviral material 
(A). 


taining 1.5% Noble’s agar (Difco) was 
poured over the cell sheet. This medium con- 
tains the same constituents as Melnick’s me- 
dium with the omission of phenol red and re- 
placement of the 2% calf serum with Difco 
yeast extract (0.1% final concentration). The 
plates were again sealed with fresh Saran 
Wrap and further incubated 3 to 4 days, de- 
pending on the virus used, to permit formation 
of plaques. At the end of this period 36 ml 
of melted 1.5% agar containing 90 mg/100 
ml of indonitro-tetrazolium chloride (Dajac) 
was poured over the primary agar base. With- 
in 2 to 4 hr at 36°C the living cells reduced 
the tetrazolium salt to a purple-red formazan. 
Dead cells and hence virus-induced plaques 
were colorless. This staining technic, although 
expensive, has advantages over neutral red 
which also can be used. With neutral red the 
color is lost as soon as the cell dies while 
tetrazolium salt produces a permanent stain 
not affected by the later death of the cell. 
Further, light has no apparent deleterious ef- 
fect on the tetrazolium system as has been ob- 
served with neutral red(5). Preparation and 
application of filter paper discs. A variety of 
number and letter designations, representing 
various test materials, were typewritten on 
strips of filter paper (Schleicher and Schuell, 
type 470), then punched out with a standard 
Y%-inch paper punch. The resulting 1% inch 
discs were touched to the surfaces of either 
whole microbial liquid cultures or solutions of 
synthetic compounds. The discs were dried, 
sterilized with ethylene oxide, and placed on 
the hardened surface of the primary agar 
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layer, remaining in place during the entire pe- 
riod of plaque development (3-4 days). The 
discs were later covered by the second, stain- 
containing agar overlay. 

Results. Screening. Between 25 and 40 
filter paper discs can be tested in a single 
baking dish (Fig. 1) making it possible to 
test large numbers of substances with relative 
ease. When a disc contained a substance in- 
hibiting plaque formation, a distinct halo of 
deeply stained, living cells free of plaques 
(Fig. 2) was produced. The same photograph 
shows the disc containing the active principle 
slightly displaced so an inner, small zone can 
also be seen. This latter zone resulted from 
the presence of a cytotoxic agent, illustrating 
how toxicity of a test material can be easily 
distinguished from virus cytopathogenicity. 
These differences could not be readily deter- 
mined if liquid medium tissue culture systems 
had been used. Care was taken to use enough 
virus to produce numerous plaques but not so 
much as to destroy the entire cell sheet. In 


this way the general condition of the cell sheet 
could be determined and toxic test materials 
detected. Plaque-free zones up to 40 mm in 
diameter were routinely produced by discs 
impregnated with unconcentrated, liquid bac- 
terial cultures that contained 
plaque formation. 


inhibitors of 


PIG. 2. Vaccinia virus plaque-free zone produced 
by a dise impregnated with a bacterial culture 
broth containing an antiviral substance. 
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FIG. 3. Representative assay of an antiviral bae- 

terial culture. Dises impregnated with indicated 

broth dilutions. In this example 10 times more 

West Nile virus was used than would be used in a 
routine screening test. 


Bioassays were performed by impregnating 
paper discs with various 2-fold dilutions of an 
antiviral agent and placing the discs on the 
surface of a freshly prepared, virus infected, 
agar overlay culture. The size of the plaque- 
free zones produced were in proportion to 
quantity of active material present in the disc 
(Fig. 3). So far, it has not been possible to 
produce zones with regular, well-defined 
edges, even though a variety of virus concen- 
trations have been used. Perhaps as much as 
a 10% error resulted from this inability to 
define accurately the zone sizes. Neverthe- 
less, adequate bioassays were done. As the 
data show (Fig. 4), when zone diameter was 
plotted against dilution used, similar slopes 
resulted for a single antiviral agent no matter 
which virus was used. It was found best, 
however, to use discs containing enough active 
material to produce zones in the range of 20 
to 50 mm for the most reproducible data. 
There was also some indication that concen- 
trations of semipurified antiviral agents at 
less than 1 pg per disc produce zones in that 
range. 

All the problems inherent in any agar dif- 
fusion method(6) are obviously present in this 
system. In addition, however, there are other 
problems unique to a tissue culture method. 
For example, it was not possible to use wide 
variations in pH in an effort to enhance dif- 
fusion of an antibiotic since the tissue culture 
cells were very sensitive to a non-physiological 
pH. Further, the cells were considerably 
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more sensitive to non-specific toxic agents 
than bacteria would be in a similar test. 


In the experiments reported here, the Pyrex 
baking dishes did not have perfectly even bot- 
toms hence the depth of the agar varied, often 
resulting in asymmetric zone shapes. Despite 
these and other problems, the data produced 
readily answered various questions associated 
with fermentation and isolation of an anti- 
viral microbial product. 

It is, of course, usually only necessary to 
test one concentration of the agent in ques- 
tion once a standard has been established. At 
this point assays of any one material can be 
performed using a single disc and comparing 
the zone produced to that produced by a disc 
containing a standard quantity of the same 
substance. This permits bioassay of a very 
large number of samples with a minimum of 
effort. 

Discussion. It now appears that the tech- 
nics used so successfully in the search for and 
development of antibacterial antibiotics can 
be applied directly to the problems of virol- 
ogy. Not only can a very large number of 
materials be tested but the critical require- 
ment for a bioassay can be fulfilled. Further, 
preliminary work already indicates that the 
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bioautograph technic of developing paper 
chromatograms of antibacterial agents can 
also be applied to antiviral materials. It re- 
mains to be seen, however, whether antiviral 
substances discovered by this technic will 
eventually be useful in human and veterinary 
medicine. It is encouraging, in this regard, 
that at least one antiviral agent—isatin-thio- 
semicarbazone—which is highly active in vac- 
cinia virus infected mice(7), also was ex- 
tremely active in this tissue culture system. It 
can only be hoped that the success observed in 
discovering clinically useful antibacterial 
agents can be paralleled in virology. 
Summary. A procedure has been developed 
whereby agar diffusion technics used in bac- 
teriology can be applied to. antiviral agents. 
Chick embryo cell monolayers were grown in 
Pyrex baking dishes, infected with virus and 
overlaid with agar. Filter paper discs impreg- 
nated with the test materials were deposited 
on the hardened agar surface. After proper 
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incubation the virus produced plaques in the 
cell sheet, except in the area around a disc 
containing an antiviral agent. Since size of 
the plaque-free zone was proportioned to con- 
centration of the antiviral agent present in the 
disc, bioassays were simply performed in ex- 
actly the same manner as done with antibac- 
terial antibiotics. 
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Activation of Histamine-Releasing Factor in Normal ‘Rat Plasma by FE. coli 


Endotoxin. 


(25618) 


SHELDON E. GREISMAN 
Depts. of Medicine and Physiology, University of Maryland School of Medicine, Baltimore 


The mechanisms whereby Gram-negative 
bacterial endotoxins (somatic antigens) pro- 
duce the various pathophysiologic alterations 
in the mammalian host(1) are poorly defined. 
The basic problem of whether endotoxins act 
directly at the cellular level, or through an in- 
termediate step whereby composition of blood 
is altered, or both, is unresolved. The toxic 
activity of bacterial endotoxins, which are 
protein-lipid-polysaccharide complexes, ap- 
pears to reside in the lipid-polysaccharide 
moiety(2). In a previous study(3), polysac- 
charides prepared from somatic antigens of 
Salmonella typhi and Salmonella paratyphi 
were included among a list of numerous high 
molecular weight polysaccharides capable of 
activating, in vitro, a factor in normal rat 
plasma with potent histamine-liberating ac- 
tivity. It seemed possible, therefore, that 
certain of the pathologic effects induced by 


bacterial endotoxin might be attributable to 
activation of such plasma histamine-liberating 
factors. The previous study, however, utilized 
large quantities of the bacterial polysaccha- 
rides (20 mg/ml rat plasma) and failed to 
specify whether these a) were combined with 
or dissociated from their lipid or protein com- 
ponents, b) exhibited the characteristic ac- 
tivities of endotoxin 7m vivo, or c) released 
some portion of histamine by direct tissue ac- 
tion. The present study was designed to de- 
termine whether smaller quantities of physio- 
logically active, purified lipopolysaccharides 
from Gram-negative bacteria could activate 
plasma histamine-releasing factors and to ex- 
clude the possibility that such histamine re- 
lease might be attributable to direct endo- 
toxin-tissue interaction. 

Materials and methods. The lower ileum 
was resected from normal 250 g guinea pigs 
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TABLE I. Lethality. of Single Intravenous E. coli 
Endotoxin Injections for Immature Albino Rabits.* 


E. coli endotoxint 96 hr mortality 


pg/kg (deaths/total) 
200 0/30 
500 1/20 
1000 1/10 
2000 0/5 
4000 4/8 
5000 2/6 
7000 3/6 
10,000 7/8 


* Rabbit wt = 1.1 (range 0.9-1.5) kg. 
t Supplied by Difco Laboratories as Lipopolysac- 
charide E. coli 0127B8. 


after head blow sacrifice and placed in Ty- 
rode solution at room temperature. Four cm 
segments were removed, attached to a lever 
arm exerting 5 g tension, and suspended in 
a 25 ml aerated 37°C Tyrode bath stirred by 
a glass rod connected to a constant speed mo- 
tor. Multiple segments of ileum from each of 
8 guinea pigs were studied as follows: Baseline 
responses to a standard histamine solution 
(0.1 wg histamine base in 0.1 ml physiologic 
saline) were recorded kymographically by 
adding histamine immediately after interrupt- 
ing the aerating system. Following each con- 
traction, the ileum was washed 3 times with 
Tyrode solution and aeration restarted. When 
reproducible histamine responses were ob- 
tained, the effect of 0.5 ml of the following 
solutions was tested in the sequence indicated; 
a) physiologic saline containing 5, 50, or 250 
pg E. coli endotoxin, b) normal heparinized 
fresh rat plasma (100 pg heparin/ml plasma) 
diluted 1:1 with physiologic saline, and c) 
aliquots of the same rat plasma diluted 1:1 
with physiologic saline, containing a final con- 
tent of 5, 50, or 250 ug £. coli endotoxin. All 
endotoxin and control solutions were incu- 
bated at 37°C for 30 minutes prior to guinea 
pig ileum assay. With each solution tested, 
the Tyrode bath aeration was temporarily dis- 
continued to circumvent formation of noxious 
aerosols. After each assay, the ileum was 
washed 5 times with Tyrode solution and re- 
activity to exogenous histamine rechecked. 
Ability of an antihistaminic compound, pyri- 
benzamine (Ciba) to alter the ileum re- 
sponses was also determined. The £. coli en- 
dotoxin employed for the present study was 
supplied by Difco Laboratories as E. coli lipo- 
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polysaccharide 0127B8 and prepared by a 
modification of the Boivin trichloracetic acid 
extraction procedure which removes most of 
the protein components(4). The lethality of 
this endotoxin preparation following single 
intravenous injections into immature healthy 
albino rabbits is given in Table I. In addi- 
tion, 1 to 10 yg of the endotoxin injected in- 
travenously generally produced delayed he- 
morrhagic necrosis in areas of the rabbit ab- 
dominal wall simultaneously treated with 100 
vg epinephrine intradermally; 100 pg of the 
endotoxin injected intravenously provoked the 
local Shwartzman reaction in most skin areas 
prepared 24 hours previously with 50 pg en- 
dotoxin. 


Results. Ten segments of guinea pig ileum 
were tested with the 250 pg aliquots of E. coli 
endotoxin; Fig. | is representative of results. 
The £. coli endotoxin per se, incubated at 
37°C for 30 minutes in physiologic saline, 
failed to evoke contractile response during 
ileum contact. Following endotoxin washout, 
the ileum remained fully responsive to exoge- 
nous histamine. Normal fresh rat plasma, 
incubated with physiologic saline as described 
above, elicited minimal or no ileum responses 
with the dosages employed and left the ileum 
fully responsive to exogenous histamine. In 
contrast, mixtures of the rat plasma incubated 
with 250 pg E. coli endotoxin in physiologic 
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FIG. 1. Effect of a physiologically active lhpopoly- 
saccharide component of H. coli endotoxin on abil- 
ity of fresh normal heparinized rat plasma to con- 
tract isolated guinea pig ileum segments at 37°C in 
a 25 ml Tyrode bath. (0/ly H = 0.1 wg histamine 
base. The unique effect of 0.1 wg exogenous hista- 
mine in the 5th assay from the left was intention- 
ally induced by introducing the histamine adjacent 
to the ileum for comparison with response to acti 
vated rat plasma. The pyribenzamine added, 1 ug/ 
ml, is expressed as final concentration in the Tyrode 
bath.) 
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saline induced immediate ileum contraction 
which could be reversed rapidly by pyribenza- 
mine in final concentrations of 1 pg/ml. Nor- 
mal fresh rat plasma from 3 different pools 
was employed and each yielded comparable 
results. 

The 50 pg aliquots of £. coli endotoxin were 
assayed on 12 fresh guinea pig ileum segments 
and the 5 pg aliquots on 8 other segments. A 
sequence of events entirely similar to that de- 
scribed above was obtained consistently with 
3 different batches of fresh rat plasma. Al- 
though the assay system could not be em- 
ployed for reliable quantitative data, when re- 
sponsiveness of each ileum segment to the 
standard histamine solution was considered, it 
appeared that greater activation of the rat 
plasma “ileum contractor” factor could be ac- 
complished with the 50 and 250 pg E. coli 
endotoxin than with the 5 ng aliquots. 


In the above experiments, the £. coli endo- 
toxin incubated in saline failed to induce con- 
tractions upon contact with guinea pig ileum 
segments during periods of 2 minutes or less. 
Although this was sufficient to indicate clearly 
the different response from that of endotoxin 
incubated in rat plasma, it seemed of interest 
also to determine whether endotoxin per se, if 
permitted longer tissue contact time or em- 
ployed in large quantities, could directly in- 
duce ileum contraction. In addition, the pre- 
vious experiments were performed without 
precautions to circumvent Tyrode solution or 
glassware contamination with traces of bac- 
terial endotoxin. Conceivably, suspension of 
guinea pig ileum segments in Tyrode solution 
already containing endotoxin may render such 
segments refractory to endotoxin assay. Stud- 
ies were therefore performed with pyrogen- 
free solutions and glassware rinsed with pyro- 
gen-free saline and heated at 180°C for 2 hr. 
Each ileum segment was resected with strict 
aseptic technic and the ends. firmly:ligated to 
prevent fecal leakage. In 3 trials, 2000 pg 
aliquots of E. coli endotoxin were thus as- 
sayed, employing fresh guinea pig ileum seg- 
ments from 2 pigs. No contractions or change 
in baseline tone resulted during contact pe- 
riods of 20 minutes in each case. Similar re- 
sults occurred in 3 other trials without pyro- 
gen-free precautions. The baseline respon- 
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siveness of these ileum segments to standard 
exogenous histamine was + 200% that shown 
in Fig. 1 and histamine responsiveness at com- 
pletion of each assay remained essentially 
unaltered. 


Discussion. The findings suggest that the 
lipopolysaccharide EF. coli endotoxin prepara- 
tion employed, exhibiting lethal, epinephrine- 
sensitizing, and Shwartzman provoking activ- 
ity in the rabbit, was capable of activating a 
potent histamine (or histamine-like) liberat- 
ing factor in fresh heparinized rat plasma 
upon 37°C incubation in vitro. The possibil- 
ity that the pristine endotoxin exerted a direct 
tissue effect in the test system was excluded, 
although the alternative that rat plasma con- 
verted the endotoxin to a direct histamine- 
releasing material was not ruled out. The lat- 
ter, however, appears improbable in view of 
previous studies on the nature of plasma his- 
tamine-liberating factor activation by poly- 
saccharides(3). It is of interest that whereas 
5 pg E. coli endotoxin incubated in rat plasma 
induced immediate and definite histamine lib- 
eration, 2000 pg of the same endotoxin in 
physiologic saline failed to induce detectable 
histamine release despite 20 minutes of tissue 
contact. This inability of E. coli endotoxin to 


release histamine directly did not appear to 


result from use of an assay system already 
contaminated with endotoxin since precau- 
tions to eliminate such contamination failed 
to alter the results. Nor could the failure to 
detect direct histamine release by FE. coli en- 
dotoxin be attributed to a toxic depression of 
the histamine sensitivity of the assay system. 

Interpretation of the present observations 
in relation to physiologic activity of endo- 
toxin is speculative and must be approached 
with caution. First, it is possible that some 
contaminant, rather than £. coli endotoxin 
per se, was responsible for the rat plasma his- 
tamine-liberating factor activation; this seems 
unlikely, however, since polysaccharides from 
somatic antigens of Salm. typhi and Salm. 
paratyphi also activate such factors(3). Sec- 
ondly, species specificity for activation of 
plasma histamine-releasing agents is unknown, 
although if endotoxin reacts as do other poly- 
saccharides, fresh rat plasma would constitute 
the major suitable substrate(3). Finally, 
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whether plasma activation can occur in vivo, 
and the plasma endotoxin concentrations re- 
quired, remains unanswered. Since endo- 
toxins can be cleared rapidly from the circu- 
lation(5), it is speculative whether endotoxin 
would remain in contact with plasma in con- 
centrations and for periods sufficient to initi- 
ate histamine-releasing activation in vivo; 
presumably dosage, route of administration, 
and status of the reticulo-endothelial system 
would affect this factor(6). Nevertheless, if 
the rat behaves similarly to the mouse, £. coli 
endotoxin plasma levels after single intrave- 
nous dosages above LD;) may remain com- 
parable to the present im vitro test levels for 
at least 3 hours(6). Moreover, considerably 
lower plasma concentrations of endotoxin 
might be effective im vivo since the in vitro 
treated rat plasma exhibited histamine-releas- 
ing activity after 100-fold dilution in the Ty- 
rode bath. 


Despite the most liberal assumptions, the 
ability of E. coli endotoxin to activate plasma 
histamine-releasing factors im vitro fails to ac- 
count for many of the zm vivo physiologic ac- 
tivities. Thus numerous other polysaccharides 
lacking classical endotoxic activity possess 
the same or greater im vitro plasma activating 
potential(3).. Indeed, recent studies indicate 
that the lipid moiety of bacterial endotoxin is 
the toxic factor, and that the polysaccharide 
(which may constitute the plasma histamine- 
releasor activating factor) is important merely 
as a carrier to permit dispersion of the toxic 
lipid(7). The significance of the present ob- 
servations therefore centers on the possibility 
that in some animal species, the plasma his- 
tamine-releasing mechanism might, by con- 
tributing to or modifying other concomitant 
- reactions in vivo, participate in certain patho- 
physiologic alterations which characterize the 
endotoxic response. Some support is already 
available from evidence of Kuida et al.(8) 
that E. coli endotoxin action, at least on the 
vascular bed of the dog and cat lung, is not 
direct but mediated through liberation of some 
agent or agents in blood and that such inter- 
mediary substances have generalized smooth 
muscle constrictor activity. It was noted, 
however, that exogenous histamine in this 
system did not reproduce the entire endotoxin 
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action. Additional evidence for a histamine- 
releasing agent is suggested by observations 
of Gilbert(9) that the initial acute circulatory 
responses of the cat to Z. coli endotoxin are 
compatible with histamine and serotonin re- 
lease; this parallels studies by Weil and Spink 
(10) in which histamine-like substances were 
detected in inferior vena caval blood of dogs 
within one to 2 minutes after E. coli injection. 
Finally, the striking clinical similarity be- 
tween anaphylactic and endotoxin induced 
shock (10) is consistent with endotoxin activa- 
tion of plasma histamine-liberating agents 
since such agents are believed capable of re- 
producing certain physiologic alterations of 
specific anaphylaxis(11,12). Future studies 
will be of interest to determine whether in 
vitro and in vivo histamine-liberating activity 
of E. coli endotoxin can be induced by the 
toxic lipid component described by Westphal 
(7) in the absence of the polysaccharide 
moiety. 

Summary. Employing isolated guinea pig 
ileum segments in aerated Tyrode solution, 5 
to 250 wg aliquots of a physiologically active 
lipopolysaccharide component of £. coli endo- 
toxin were found capable of activating a po- 
tent histamine-like releasing factor upon 
in vitro incubation with 0.5 ml diluted fresh 
heparinized normal rat plasma. The release 
of histamine by this rat plasma factor oc- 
curred within seconds after tissue contact. 
The £. cols endotoxin preparation fer se, in 
the dose-time relations employed, did not lib- 
erate histamine directly from the ileum seg- 
ments; indeed, 2000 pg EL. coli endotoxin 
failed to release detectable histamine during 
20 minute tissue contact periods. This lack 
of histamine-releasing activity could not be 
attributed to preexisting endotoxin contamina- 
tion of the tissue bath nor to toxic depression 
of the histamine sensitivity of the assay sys- 
tem. The above findings, in conjunction with 
previous evidence, suggest that E. coli lipo- 
polysaccharide behaves, at least in one man- 
ner, as do numerous other high molecular 
weight polysaccharides and justifies the hy- 
pothesis that activation of plasma histamine- 
releasing factors may account for certain of 
the pathophysiologic alterations which charac- 
terize the endotoxic response. Further studies 


632 


are required to define the importance of the 
polysaccharide moiety of the endotoxin mole- 
cule for the histamine-releasing activity. 
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Bactericidal Activity of Normal Serum Against Bacterial Cultures. 


II. Activity Against Escherichia coli Strains. 


(25619) 


Louis H. MuscHer (Introduced by G. Edsall) 
Division of Immunology, Walter Reed Army Inst. of Research, Washington, D.C. 


The preceding paper of this series(1) on 
bactericidal action of normal serum against 
strains of Salmonella typhosa established that 
a strain’s resistance to serum bactericidal ac- 
tion was associated with its O-inagglutina- 
bility or Vi content(2). The most resistant 
of the strains tested were a strain of maximum 
mouse virulence and of proven virulence for 
chimpanzees as well as another strain isolated 
during a severe human outbreak. From the 
point of view of the host, moreover, it was 
shown that natural bactericidal antibody of 
marked specificity played the major role in 
serum bactericidal action. The present report 
represents a study of bactericidal action of 
normal human serum against strains of Esche- 
richia coli. Though usually non-pathogenic, 
this species was chosen for study because it 
may cause acute or chronic disease, and recog- 
nition of this disease is increasing. In addi- 
tion, there is evidence that certain serological 
types of E. coli are responsible for acute en- 
teritis in newborn infants and calves(3). For 
a given host, therefore, wide variations in 
virulence of different strains of the same spe- 
cies may exist. Distinguishing characteristics 
have been ascribed to potentially virulent 
strains of #. coli, These have included necro- 


sis of the skin of rabbits and of cells in cul- 
ture, hemolysis of horse erythrocytes, ability 
to elicit the Shwartzman phenomenon, greater 
mouse virulence, and O-inagglutinability (4,5). 
These properties have not led to well-defined 
distinctions between virulent and non-virulent 
strains. To these may now be added resis- 
tance of strains to bactericidal action of nor- 
mal human serum. It would seem likely, 
therefore, that virulence results from an as- 
sociation of various properties, rather than 
from a single characteristic. 

Materials and methods. E. coli strains. 
Most of the cultures and the information con- 
cerning their source were received through the 
generosity of Dr. W. H. Ewing, Enteric Bac- 
teriology Unit, Communicable Disease Center, 
U.S.P.H.S., Chamblee, Ga., except for 0114 
serotypes which were kindly provided by Dr. 
Joan Taylor, Central Public Health Lab., 
London. Most of the cultures were isolates 
from normal healthy children or from infants 
with diarrhea. Sera. Several pools of sera 
from normal humans were tested. Each pool 
was composed of equal volumes of sera of 4 
individuals whose sera lacked detectable E. 
coli agglutinins against the test organisms. 
Tests with the different pools invariably gave 
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TABLE I. Bactericidal Action of Pooled Nora 
Human Serum Against E. coli Isolates from Normal 
Individuals. 


A. Isolates from normal children 


Serotype EDs», ml serum 
02 40 
02 35 
03 35 
07 34 
07 025 
07 017 
021 ait 
036 14 
037 24 
04 aii 
0127a, 0127b:B10 014 
O86a, O86b: BY 012 


B. 3 Isolates from one individual 


Type EDs, ml serum 
Anaerogenic 011 LS 
Ol .028 
091 24 


C. Isolates from healthy hospital personnel serving 

on the ward when an outbreak of diarrhea among 

newborn occurred. These isolates were not of the 
same serotype as that found in the cases. 


Type EDs, ml serum 
O11 45 
014 0048 
06 >.45 


results in close agreement. Sera were stored 
at about —30°C; tests were performed within 
3 weeks after blood collection. For absorp- 
tion of serum, 14 ml of an aliquot of pool of 
serum was added to the washed, heat killed 
(56°C for 30 minutes) organisms obtained 
after 16 hours growth from the surface of 
meat extract agar in 4 Kolle flasks. The or- 
ganisms were suspended in the serum, and 
suspension was kept at 4°C for 1 hour. Then 
the serum was separated from the organisms 
by high speed centrifugation in the cold. 
Bactericidal tests. Tests for measuring bac- 
tericidal activity of normal serum were per- 
formed by the quantitative photometric assay 
previously described(1). Results are ex- 
pressed in terms of estimated volume (ml) of 
serum required to inhibit growth of 5076 
(EDs50) of test culture. O-inagglutinability. 
The O-inagglutinable status of a strain was 
determined by comparison of the titer of a 
homologous anti-O rabbit serum against or- 
ganisms killed by heating for 1 hour at 100°C, 
and living cells. Reactions were read after 20 
hours incubation in a water bath at 50°C with 
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the killed cultures and after 2 hours at 37°C 
followed by 18 hours at room temperature 
with the living cultures. Inhibition of O-ag- 
glutination is believed to result from presence 
of K antigens. These are somatic antigens 
which act as masking antigens in a manner 
similar to the Vi antigens in S. typhosa strains 
(4). The K antigens are divisible into at 
least 3 varieties, L, A, and B based on their 
physical behavior. 

Results. Bactericidal tests. EDso of the 
serum pool against the isolates from normal, 
healthy individuals are given in Table I. The 
results indicated an almost 100-fold variation 
in susceptibility of different strains to serum 
bactericidal action ranging from the most re- 
sistant strains of serotype 06 and anaerogenic 
O11 to the most sensitive strain of serotype 
014. Three of the strains tested were isolated 
from a healthy graduate student working with 
enteric bacteria (Table I,B). The serum of 
that individual collected about 8 months after 
isolation of the strains showed no greater bac- 
tericidal activity than that of other normal 
sera against the 3 strains. Thus, presence of 
non-pathogenic E. coli did not lead to a de- 
tectable serological response probably because 
the organisms were not invasive. Similar 
tests were performed with isolates from cases 
of infantile diarrhea. Results are given in 
Table II. Several points are of interest: rela- 
tively high level of resistance of most of these 
cultures, extremely high resistance of the 5 
strains of serotypes 018 and 044, and marked 
variation in resistance of strains of serotypes 
0111:B4, O112a, 112c:B11 and 0124:B17. 

O-inagglutinability. The O-inagglutina- 
bility of several . coli strains and resistance 
of these strains to serum were compared; a 
significant association was observed (Table 
Ill). The highly O-inagglutinable strains 
such as those of serotype 02 and 0111:B4 were 
the most resistant to bactericidal action, al- 
though slight O-inagglutinability given by the 
strain of serotype 0127a, 0127b was not as- 
sociated with increased resistance to normal 
serum bactericidal action. On the other hand, 
strains of serotype 07 and 086a, 086b, almost 
completely O-agglutinable, were extremely 
sensitive to normal serum bactericidal action. 
If the strains are ranked according to consecu- 
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TABLE II. Bactericidal Action of Normal Human 
Serum Against EF. coli Isolates from Cases of Infantile 
Diarrhea. 
Serotype EDs0, ml serum 
026:B6:H- ol 
Idem .32 (approx.) 
026:B6:H11 > 40 
PE TEE et BPs 28 
OS DES AHA 25 
055: B5:H11 {PP 
eee AD 34 
HBG so SY 30 
ne AA a by 15 
FE EON HKG) 29 
086a, Br: H- 19 
:H7 12) 
ce HM s\e ul > .40 
a Bday Ss 
” ” ‘H11 S40 
0111: BA: H- .082 
ae 16 
” : ” -H2 080 
AE HON 8 Esl 038 
4 ae :H6 AS 
SPs [be .078 
O112a, 112c:B11:H- 24 
Idem 14 
5 10 
4 03 
2 LT 
0114:H2 All¥ 
He SARTO, Slat 
» : unknown 30 
On: B14: H- alls} 
Bo ola Alta 
oe Sar ETO mle 
eee en ET TS 23 
0124: Bi72H= >> 40 
aero 13 
” ” *H32 .090 
” aise .092 
2 ols tile Loge 
0125a, 125b:B15:H21 13 
2 125 Cicero 12 
0126:B16:H27 10 
0127:B8:H— 058 
Idem .069 
cM .092 
a 14 
y .086 
0128a, 128b: B12:H8 710) 
GH DNs Lily ES 
a ease oR ee a2 
018a, 18b:B20:H14 > .40 
Ze TesB2IeE 7 > 40 
044:K ?:H34 >.40 
KT ABE OA: > 40 
ee TAD, > .40 
025:K?:H1 13 
Sie ea >>.40 
06 >> .40 


Related to 086; but not .29 
086:B7 (K undeter.) 

020a, 20c:B7:H— 19 
» 20b:new K un- AO 
numbered:H26 
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tive order in degree of O-inagglutinability and 
resistance to serum, a simple ordering test (6) 
indicates a significant degree of association 
(p= O:05)5 

Specificity of normal serum bactericidal ac- 
tion. An aliquot of a test serum pool was ab- 
sorbed with a strain of serotype 0111:B4 and 
another aliquot with a strain of 127a, 127b: 
B10. Tests were performed with the un- 
treated serum and the 2 absorbed aliquots 
against 8 strains of 7 different serotypes (Ta- 
ble IV). Absorption of the serum pool with 
the 0111:B4 strain caused no reduction in its 
bactericidal activity against heterologous 
strains although activity against homologous 
strain was very considerably diminished. Sim- 
ilarly, absorption with strain 0127a, 0127b: 
B10 caused relatively slight reduction (less 
than 2-fold) in activity against heterologous 
strains compared to a disproportionately 
greater (at least 7-fold) loss against 0127 
strains. 

Effect of growth of cultures at different tem- 
peratures. The finding that S. typhosa was 
more susceptible to serum bactericidal action 
when cultivated at temperatures above or be- 
low 37°C(1) prompted an examination of this 
effect on E. coli cultures. Cultures were grown 
at 14°C, 37°C, 42°C and 45°C, then tested 
at 37°C. The results (Table V) indicate 
that cultures grown at 14°C and 45°C were 
considerably more sensitive to normal serum 
than those grown at 37°C, but that growth at 
42°C did not result in enhanced sensitivity. 

Discussion. Previous work has indicated 
that resistance to serum may be an important 
determinant of mouse virulence in E. coli as 
tested by intraperitoneal challenge(7). In 
this study, the data in Tables I and II did not 
disclose significant evidence of a relationship 
between resistance of a strain to serum bac- 
tericidal action and its virulence for man de- 
spite the fact that certain strains of E. coli 
isolated from normal individuals were quite 
sensitive to serum bactericidal action. More- 
over, many LE. coli strains isolated from nor- 
mal material possessed greater resistance to 
normal human serum than did highly virulent 
strains of S. typhosa(1). Thus, these results 
indicate that resistance to normal serum can- 
not itself be correlated with an organism’s 
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TABLE III. Comparison of Resistance of Strains 
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of E. coli to Serum and Their O-inagglutinability. 


r 


Strain serotype 


=a 
0127a, 
02 0111:B4 0127:B8 055:B5 0128:B12 07 086a, 0O86b 0127b:B10 
EDs. of normalhuman  .40 ale 16 al? ail 017 014 012 
serum, ml 
Homologous anti-O <20 <20 40 160 40 10,240 2560 320 
titer* with living 
organisms 
Homologous anti-O 5120 640 5120 10,240 640 10,240 5120 5120 
titer* with heat- 
killed organisms 
* Reciprocal of anti-O agglutinin titer. 
pathogenicity. | Nevertheless, a relatively smooth strains and that antibodies against K 


high level of serum resistance may represent 
one of the requisites for human pathogenicity 
since £. coli isolates from cases of infantile 
diarrhea were not among the most sensitive to 
serum bactericidal action. 

On the other hand, an association was 
found between O-inagglutinability of E. coli 
strains and their resistance to normal sera 
(Table III). The highly O-inagglutinable 
strains of serotypes 02, 0111:B4 and 0127:B8 
were the most resistant to bactericidal action. 
Slight O-inagglutinability manifested by the 
strain of serotype 0127a, 0127b:B10, how- 
ever, provided no protection against normal 
serum components. This result was compar- 
able to that observed with S. typhosa strains 
(1). Since the K antigens of E. coli strains 
are responsible for their O-inagglutinability, 
the results suggest that natural bactericidal 
antibodies are directed against O antigens of 


antigen are either not present, their con- 
centration is too low, or they are ineffec- 
tive bactericidally. The increased suscepti- 
bility to serum bactericidal action of strains 
cultivated at temperatures other than 37°C 
is also probably related to loss of O-inagglu- 
tinability. A discussion of the significance 
of these observations in relation to the role of 
fever in resistance to infections with Gram- 
negative organisms must await studies to de- 
termine if antigenic changes in vitro occur in 
the animal host. 

The absorption experiments were done to 
determine whether the bactericidal activities 
of normal serum could be attributed to one 
non-specific substance, to a relatively few such 
substances, or to many specific substances. 
The findings with E. coli (Table IV) were 
similar to those with other Enterobacteriaceae 
(1,8) and indicated a marked specificity of 


TABLE IV. Bactericidal Activity of Pooled Human Serum (EDs, ml) and Absorbed Aliquots 
of the Serum. 


Test strain 


ie aN 

127a, 086a, 

Test serum 0111 127b 02 07 055 0127 0128 086b 
Unabsorbed 14 014 a: 034 19 .06 5 .010 
Abs. € 127a, 127b:B10 ANG .110 y 045 Sik 43 .60 .022 
» €0111:B4 >.40 .013 » 035 24 07 A0 O11 


TABLE V. Resistance to Bactericidal Action of Normal Human Serum of E. coli Strains Cultivated 
at Different Temperatures. 


EDs of human serum (ml) against cultures 


grown at different temperatures 


Test culture 14°C SWINE Ala: ASAS 
55, CDC #2559 - 54 048 3 oF 17 
© 565 = 50 .076 ALS alll 065 
Ontilsle. #380 - ” .066 15 15 Not done 
02, ” #5086- ” Notdone >.4 Not done 018 
0127, ” #1039 ” 12 ” 0086 
’ 
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action. Absorption of serum with one organ- 
ism resulted generally in complete inactivation 
against the homologous organism but little or 
no loss of activity against antigenically unre- 
lated organisms. 


The relationship of these findings to the 
nonspecific properdin system is of interest. 
Bactericidal activity of normal serums which 
were assumed to be devoid of antibody against 
certain bacteria has been attributed to the 
properdin system(9). Absorption experi- 
ments with E. coli, S. typhosa(1), other Gram- 
negative organisms(8) and also bacteriophage 
(10) have indicated that substances selec- 
tively removed by absorption and which may 
be regarded as antibodies are invariably pres- 
ent, however, in normal mammalian serums. 
Because of their low concentration, these anti- 
bodies may be unable to effect agglutination 
reactions, but may be detected by the bacteri- 
cidal reaction, one of the most sensitive meth- 
ods for antibody determination(11). In ab- 
sence of antibody, normal human serum is de- 
void of bactericidal activity notwithstanding 
the presence of the components of the proper- 
din system(8). Antibodies of marked speci- 
ficity appear to play the major part, therefore, 
in bactericidal action of serum. Possibly, the 
greater susceptibility of infants to E. coli dis- 
ease may be related to the lower concentration 
of these antibodies in infant’s fluids, but this 
thesis remains to be tested. 


Summary. Resistance to bactericidal ac- 
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tion of normal human serum of E. coli isolates 
from normal children and from those with 
diarrhea was determined. Results indicated 
that serum resistance did not provide a basis 
for differentiation of virulent and non-virulent 
strains. Serum resistance was associated with 
the O-inagglutinability of the organisms. In 
addition, bactericidal action of normal human 
serum against E. coli was shown to be depen- 
dent upon natural antibodies of marked speci- 
ficity. 
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Desoxyribonucleic Acid (DNA)-Bentonite Flocculation Test for Lupus 


Erythematosus. 


(25620) 
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(With technical assistance of Stanley B. Ward) 
Laboratories of Immunology and Clinical Investigation, Nat. Inst. of Allergy and Infect. Dis., 
N.L.H., PHS, DHEW, Bethesda, Md. 


It has been found that serum from patients 
with active systemic lupus erythematosus may 
flocculate through a wide range of titers with 
a suspension of a volcanic ash, bentonite, and 
purified desoxyribonucleic acid. Results of 
the test agree generally with those of lupus 


cell preparations. However, significant differ- 
ences appear to exist especially in some pa- 
tients with rheumatoid arthritis between the 
flocculation test and the L. E. test. In such in- 
stances, the DNA-bentonite test is negative. 
The present report describes the procedure for 
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performing this test and gives some results of 
its clinical evaluation. More detailed clinical 
studies will be described later comparing the 
present test with lupus cell preparation and 
the bentonite test for rheumatoid arthritis. 
The test is similar to the bentonite flocculation 
test for rheumatoid arthritis(1) except that 
desoxyribonucleic acid, the coating or sensitiz- 
ing agent, is used rather than gamma giobu- 
lin (F II fraction). It also resembles the 
serological test for trichinosis described by 
Bozicevich e¢ al.(2). Holman and Kunkel 
(3) demonstrated a factor (L. E. Factor) in 
the serum of lupus erythematosus patients 
which showed affinity for nucleoprotein and 
nuclei of cells obtained from a variety of 
sources. This observation is used as the basis 
for several tests in diagnosis of systemic lupus 
erythematosus. Thus, Miescher and Straessle 
(4) found that the “L. E. Factor” in serum 
agglutinated tanned red cells sensitized with 
desoxyribonucleic acid (DNA) or with nu- 
cleoprotein. Others applied the fluorescent 
antibody technic(5,6), complement fixation 
(7,8,9), latex agglutination(10,11), and iso- 
tope tagging procedures(12) to show this re- 
lationship. 

Materials and Methods. In this test, DNA 
is substituted for Cohn’s Fraction II of the 
rheumatoid arthritis test as the sensitizing 
agent in the flocculating system, and the sur- 
face acting agent is replaced with a solution 
of crystallized bovine plasma albumin as a 
protective colloidal substance. Bentonite, a 
hydrous aluminum silicate colloidal clay, is 
the vehicle for the flocculation reactions. Its 
particles are negatively charged and possess 
an unusually large surface to mass ratio. 
Bentonite powder is very stable, and is read- 
ily available. Preparation of stock bentonite 
suspension. Suspend 0.5 g of standard Vol- 
clay* (Wyoming) bentonite in 100 ml of dis- 
tilled water and homogenize in a high speed 
blendor for 2 minutes. Allow the suspension 
to remain for about 5 minutes and re- 
homogenize. Transfer the suspension into a 
glass-stoppered graduate, washing the blendor 
with distilled water. Add sufficient distilled 
water to make 500 ml. Shake the graduate 


* American Colloid Co., Chicago, Ill. 
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for one minute and allow to remain undis- 
turbed for one hour. Place the supernatant 
in 6 heavy duty Pyrex centrifuge tubes of 100 
ml capacity. Discard the sediment. Using 
an International Centrifuge, Size 2, with a 
No. 240 head, supernatant is centrifuged for 
15 minutes at a speed of 1300 rpm (by tach- 
ometer). Relative centrifugal force is ap- 
proximately 500. Discarding the sediment, 
supernatant is poured into 6 other 100 ml 
centrifuge tubes and centrifuged for 15 min- 
utes at 1600 rpm (by tachometer). Relative 
centrifugal force is approximately 750. Su- 
pernatant is poured off and discarded. The 
accumulated sediment from the 6 tubes is 
resuspended in 100 ml of distilled water and 
homogenized for one minute. This is the 
stock bentonite suspension. Its adsorptive 
properties remain stable for several months. 
It is to be noted that the stock bentonite sus- 
pension will flocculate spontaneously after a 
few hours. When ready to use, it must be 
resuspended by shaking for a few seconds. 
Preparation of desoxyribonucleic acid (DNA). 
Place 1 mg of highly polymerized DNAt into 
a 20 ml test tube and add about 0.5 ml of dis- 
tilled water. Sufficient time should be allowed 
for the DNA to swell into a translucent gel. 
Add 4.5 ml of distilled water and shake thor- 
oughly. A clear, colorless, viscous solution is 
obtained. Prepare 24 hours prior to use and 
keep in refrigerator. Shake thoroughly be- 
fore use. Preparation of DNA-bentonite par- 
ticles. Place 1 ml (200 ug) of the DNA solu- 
tion into a 20 ml test tube and add 10 ml of 
stock bentonite suspension. Shake vigorously. 
Add 1 ml of saturated KCl solution. Mix 
thoroughly and allow to remain at room tem- 
perature for one hour with occasional shaking. 
Add 1 ml of 1% solution in distilled water of 
crystallized bovine plasma albumin.? Invert 
tube several times. Avoid foaming as much 
as possible. Albumin solution should be al- 
lowed to remain for 10 minutes. It must be 
pointed out that in the rheumatoid arthritis 
test a surface-active agent (Tween-80) is em- 
ployed to prevent the particles from clumping. 
Since this agent interfered with DNA-benton- 


t Worthington Bicchemical Corp., Freehold, N. J. 
¢ Armour Labs., Chicago, IIl. 
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ite particles, a protective colloidal system is 
used consisting of crystallized bovine plasma 
albumin. Add 1 ml of 0.1% methylene blue 
in distilled water. Invert tube several times 
and centrifuge immediately for 15 minutes at 
1300 rpm. Discard supernatant and add 10 
ml of distilled water to the flocculated parti- 
cles. Shake vigorously for one minute, then 
fill the tube with distilled water. Mix and 
centrifuge again at 1300 rpm for 15 minutes. 
Repeat washing once more. After the final 
centrifuging, discard supernatant and add 5 
ml of distilled water to the residue of sensi- 
tized dyed bentonite. Shake vigorously for 
one minute. This is the sensitized bentonite 
preparation for use in the test. It must be 
thoroughly shaken each time prior to use. 
The sensitized bentonite suspension remains 
stable for 1 week when kept in refrigerator. 
It may be added that while plasma can 
be used for L. E. preparations, it cannot be 
employed for the flocculation test. The plas- 
ma often gives false positive reactions. The 
serum is heated at 56°C for 30 minutes. 
Ringed microscope slides, such as those em- 
ployed in Mazzini and Kline flocculation tests 
(2” & 3’) with 12 rings are used. Place 0.1 
ml of undiluted serum in the first ring and 
then 0.1 ml of 2-fold serial dilution of serum 
in saline in the remaining rings. Shake the 
sensitized bentonite suspension and with a 
capillary pipette (which should deliver about 
40-50 drops per ml) add one drop to each 
ring on the slide. Place the slide on a Boer- 
ner-type rotating machine and rotate at 110- 
120 times per minute for 20 minutes. Read 
the slide immediately with the aid of a micro- 
scope at low magnification (50-60). 
Drying of serum should be avoided. A known 
positive and negative serum should first be 
titrated each day prior to conducting the test 
on the routine sera, to ascertain sensitivity 
and specificity of the test. In reading the 
reaction, a 4-plus flocculation is assigned 
when all sensitized bentonite particles have 
clumped. There are 2 types—one in which 
several large clumps are seen and the other 
in which many smaller clumps are obtained. 
Nevertheless, practically all of the small ben- 
tonite particles are clumped. A reaction of 
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3-plus is recorded when approximately three- 
fourths of the particles are clumped. A 2- 
plus reaction is one in which half of the sen- 
sitized particles are clumped; a 1-plus, when 
one-fourth of the particles are clumped. In 
a negative reaction, the sensitized bentonite 
particles are dispersed in a colloidal suspen- 
sion. The current test is more difficult to read 
than the bentonite flocculation test for rheu- 
matoid arthritis, due to the adhesiveness of 
the DNA with the reactants in the test. Con- 
sequently, one must not select one or 2 clumps 
and regard the test as positive. A thorough 
scanning of the slide is important and the 
particles should be evident throughout the 
preparation. A reaction is regarded as posi- 
tive when a 1-plus or greater flocculation 
occurs. With experience, the spurious aggre- 
gates can readily be distinguished from true 
flocculation. It must be emphasized that use 
of too great a quantity of DNA is to be 
avoided because hyaline or small fibrinous 
precipitation is likely to occur in presence of 
the albumin solution and the methylene blue 


dye. This makes it difficult to obtain clearcut 
readings. 

Results. Patients with active lupus ery- 
thematosus. Sera from 8 patients have been 


tested. Results of the DNA-bentonite floc- 
culation test and the L. E. preparation find- 
ings are listed in Table I. In the 8 cases there 
was complete agreement between flocculation 
test and L. E. cell preparation. The Table 
shows the reciprocal of the highest titer ob- 
tained by flocculation test. Serum samples 
tested at frequent intervals showed variation 
in titers.§ 


TABLE I. DNA-Bentonite Flocculation Tests and 
L.E. Cell Tests in 8 Active Cases of Systemic Lupus 
Erythematosus. 

Reciprocal 

DNA-BFT Titer 

(flocculation of 

Age Sex L.E. cell 1+ or greater) 
31 F Positive 512 
34 F 2 256 
18 F a 64 
38 F ef) 32 
36 F MY 32 
7 F »? 32 
18 F ie 16 
37 F ue 8 


§ To be reported, 
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TABLE II. 
L.E. Cell Tests in 5 Cases of Systemic Lupus Ery- 
thematosus in Remission. 


Reciprocal 
DNA-BFT Titer 
(flocculation of 


Age Sex L.E. cell 1+ or greater) 
16 F Positive 2 
48 M sd 4 
22 F ug Negative 
2 6 F ” ” 
aq EF Negative ” 


* Reported as having positive L.E. cells at another 
hospital. 


Patients in remission. Sera from 5 patients 
were tested (Table II). Two of these gave 
positive tests by both methods. Two others 
had positive L. E. cell preparations but gave 
negative flocculation tests. The remaining 
case gave negative results by both tests. 

Patients without lupus erythematosus. One 
hundred and thirty-eight sera from patients 


TABLE III. Results of L.E. Cell Tests with Nega- 
tive DNA-Bentonite Tests on 138 N.I.H. Patients. 


L.E. cell 


Diseases No. patients preparation 


Positive 


Rheumatoid arthritis 
ss a Negative 
” 


Juvenile us 
Sarcoidosis 
Fever of unknown origin* 
Systemic fungal disease 
Endocarditis 
Rheumatic heart disease 
BY fever, acute 

Cerebral seizures 
Agammaglobulinemia 
Pyelonephritis, chronic 
Infectious hepatitis 
Intestinal parasites 
Cirrhosis of liver 
Empyema 
Thrombocytopenic purpura 
Pericarditis, etiology unknown 
Well individuals 

” ” 


DN NNN HD WW WWWW POD WTEH UD 


44 Not tested 
Misc.t 25 Negative 


* Persistent fever, complete evaluation failed to re- 
veal etiology; fever spontaneously terminated. 

t Includes one case of each of following: Dermato- 
myositis, scleroderma, erythema multiforme, ery- 
thema nodosum, chronic glomerulonephritis, poly- 
myositis, Sjoegren’s syndrome, allergic vasculitis, 
chronic osteomyelitis, arteriosclerotic heart disease, 
asthmatic bronchitis, chronic bronchitis, cerebral pal- 
sy, Charcot-Marie-Tooth syndrome, chronic eczema, 
eosinophilia (persistent, etiology unknown), encepha- 
lomeningitis, lethal midline granuloma, malignant 
melanoma, nephrotic syndrome, osteitis deformans, 
pulmonary tuberculosis, Salmonella carrier, vaginal 
trichomoniasis, and pyoderma. 
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without evidence of lupus erythematosus were 
tested. The results are shown in Table III. 
Patients with related and unrelated diseases 
were included as well as normal subjects. 
The DNA-bentonite flocculation test was 
negative in all 138 cases. The L. E. cell test 
was conducted on 94 of the above 138 pa- 
tients, and negative results were obtained in 
88 cases. To test the specificity of the floc- 
culation test, 6 individuals, with frank rheu- 
matoid arthritis, were selected who gave posi- 
tive L. E. cell tests. Their flocculation tests 
were negative. Thus, it appears that the 
flocculation test is somewhat more specific 
than the L. E. cell test. However, based on 
the results in the remission cases of lupus 
erythematosus, the L. E. cell test is more 
sensitive than the flocculation test. 

Summary. (1) The test is conducted by 
adding a suspension of bentonite particles 
previously coated with desoxyribonucleic acid 
(DNA) to heat inactivated serum dilutions. 
(2) Flocculation test showed agreement with 
L. E. cell test in 8 cases of lupus erythema- 
tosus. (3) L. E. cell test appeared to be more 
sensitive than flocculation test in cases in 
remission. (4) The flocculation test appeared 
to be more specific. In 6 selected cases of 
rheumatoid arthritis, the L. E. cell test was 
positive; on the contrary, the DNA-bentonite 
flocculation tests were negative. 
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Tumors in Rats. 


(25621) 


UNTAE Kim AND JACoB FURTH 
Children’s Cancer Research Fn., Children’s Medical Center, Boston, Mass., and Roswell Park 
Memorial Inst., Buffalo, N. Y. 


It has been well established that estrogens 
and the pituitary gland play a major role in 
development of mammary gland(1) and in 
maintenance of growth of mammary tumors 
(2,3). Our studies point to a cell in the pitui- 
tary gland, named mammotrope, which pro- 
duces a hormone (mammotropin) which is the 
direct stimulant of the mammary gland(4). 
Estrogens act indirectly by stimulating mam- 
motropes(4,5). This concept is strengthened 
by observations described in this and the fol- 
lowing papers(6,7), which point to the role 
of mammotropin in initiating as well as main- 
taining mammary tumors.! 

Methods. Tumor induction. Mammary 
tumors were induced by 3-MCA in 2 highly 
inbred strains following Huggins’ scheme(3). 
The rat strains used will be designated F/pu 
and W/s, following accepted terminology by 
mouse geneticists. The Fisher strain (F/:,) 
was obtained from Dr. Wilhelmina Dunning 
in 1955; the Wistar strain (W/py) was a 
partially inbred strain purchased prior to 
1945. Both were rigidly inbred and are ho- 
mozygous from standpoint of transplantation. 
Breeding and care of rats and features of the 
W/ yy strain have been described(8). Exp. J. 
Four groups of F/y, females (F-I, III, IV and 
V), one group of castrated F/», males (F-II), 
and one group of W/j, females were treated 
with 3-MCA as indicated in Table I. Two 

* This investigation was supported by contract 
from Cancer Chemotherapy Nat. Service Center and 
grant from Nat. Cancer Inst. 

+t Abbreviations: MT = mammary tumor; Mt = 
mammotrope; MtH = mammotropic hormone = 
mammotrepin; MtT = mammotropic tumor; 3-MCA 
— 3-methylcholanthrene; DES = diethylstilbestrol. 


weeks after the last treatment (112 days after 
start of 3-MCA feeding), a 1 mg pellet of 
DES was implanted s.c. in 10 rats of the F-I1 
group. Exp. IJ. The influence of MtH on 
induction of mammary tumors was studied, 
using functional MtT as a source of this hor- 
mone(5). MtT (Strain W6) was grafted 
s.c. into rats of Groups W-I and W-III, 2 
weeks prior to administration of 3-MCA. 
When a mammary tumor was detected in 
these rats, a biopsy was made and the tumor 
resected; parts of it were sectioned and parts 
transplanted in normal and conditioned rats, 
as described in the following report(6). 

Results. Results of Exp. I are summarized 
in Tables I and II. Mortality due to toxicity 
of the carcinogen, indicated by severe fatty 
degeneration of the liver, was heavy only in 
Group F-V to which 3-MCA was given 6 
times weekly. MT incidence was higher in 
50 day old F/», rats (88 to 100%) than in 
those 83 days old (50%). All tumors were 
malignant with one exception, a fibroadenoma 
in a castrated male that was also given DES. 
One sarcoma was found in an F/,, female 
that had multiple carcinomas at death 235 
days after treatment. Most animals usually 
bore more than one tumor; the largest num- 
ber in one rat was 13. Tumors arose in all 
mammary glands, perhaps most frequently in 
those of the thoracic region. 

All W/ru 3-MCA treated females developed 
MT within 5 months, although they received 
less carcinogen than F/p, rats. Correspond- 
ingly, latency periods were shorter in W/yy 
rats (Table Il). All tumors in W/,, rats 
were carcinomas. 
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TABLE I. Tumor Induction by Intragastric Instillation of 3-Methylcholanthrene in 10 mg doses. 


Group No., sex F-I 9 F-III 9 F-IV @ F-V 9 F-II 6 W-IV @ 

No. of rats: 

At start 17 BD, 27 23 20 18 

Loss* 3 1 1 20 1 0 
Rat 

Age (days) 83 51 50 70 83 56 

Mean wt (g) 138 103 100 134 193 110 
Treatment: 

Frequency, wkly 2x 2X 2X 6X 2x 2X 

Duration, wk 4y 14% 1163 6 144% 9 

Total dose, mg 290 290 260 350 290 180 
Tumor incidence: 

Mammary tumors: 

Hf adenocarcinoma 7 (50%)t 21 (100 %) 22 (88 %) 2 (666%) 0 18 (100%) 
Z fibroadenoma 0 0 0) 0 il (20 4) 0 

Squamous carcinoma: 

Periauricular 4 (50%) 14 ( 66.7%) 15 (62.5%) 1 (33 %) 10 (52.6%) 0 

Skin 0) (Calis ey) 4 (25 %) 0) 1 (33 %) 10) 

Mouth 1 (20%) 0 2 (10.5%) 0 an HA7eL es 10) 
Leukemia 0) 320no) 3) (1d %) 70 1 @OnI%), 100 
Rats with tumor 9 21 DS 3 10 18 
Rats without tumort 5 1 1 0 9 0 


* No. dead before appearance of first tumor. 
t Surviving latency period of first tumor. 


t % calculated on basis of number of rats surviving first appearance of a particular tumor. 


Incidence of squamous carcinomas of the 
periauricular sebaceous gland was 33 to 66% 
in F/y, rats of both sexes. Other squamous 
carcinomas occurred in different parts of the 
body; 4 of these were in the mouth. None 
were found in W/y, rats (Table I). Six leu- 
kemias developed in F/p, female rats at 
120 to 194 days of age, and 2 of these pre- 
ceded all other tumors. No untreated con- 
trols were set up, but similar tumors were not 
seen at comparable ages in our breeding and 
ageing colony and stock of F/p, and W/r, 
rats. 

Results of Exp. II are summarized in Table 


III. A single dose of 3-MCA produced mam- 
mary carcinomas only in animals whose mam- 
mary glands had been stimulated by MtT. 
Neither MtT nor 3-MCA alone was carcino- 
genic as here applied. 

Comments. Induction of MT by intragas- 
tric instillation of 3-MCA, originated by Shay 
et al.(9) and perfected by Huggins e¢ al.(3), 
is hereby confirmed in 2 highly inbred strains 
of rats. Similar tumors were not found in 
these strains at comparable ages, but MT and 
leukemia are known to occur in older animals 
of these strains at a much lower frequency 
(8). The spontaneous mammary tumors in 


TABLE II. Latency Periods* of 3-MCA Induced Tumors. 


Group F-I F-III F-IV F-V F-II W-IV 
Mammary tumors 113-169 96-165 90-160 92 248t 72-154 
(131) (149) (116) (101) 
Squamous Ca: 
Periauricular 175-200 147-255 167-263 123 140-392 
(187) (185) Cay) (227) 
Skin 216 220-256 314 
(235) 
Mouth 261 199-205 249 
Leukemia 194 120-168 249 
(194) (148) 


* Extremes with mean in parenthesis. 
t Fibroadenoma. 
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TABLE III. Cocarcinogenesis with Mammotropes and 3-Methylcholanthrene. 


Group W-Il W-III W-I 
Treatment 3-MCA MtT 3-MCA + MtT 
No. of rats 8 8 7 
MT, No. and type 1 fibroad. 1 fibroad. 6 ca., 1 fibroad. 
Latency MT (days) 213 158 159-227 (170) 


these and other strains of rats are usually be- 
nign. No mammary carcinomas were pro- 
duced in male rats, pointing to a strong hor- 
monal factor (cf. Huggins, 3) which as de- 
scribed in the next paper, is related to mam- 
motropes. 

Numerous squamous carcinomas and leu- 
kemias occurred in both sexes of the F/ru 
strain, but not in the W/py strain. This may 
be a strain difference, possibly of genetic na- 
ture, but a confirmatory experiment is needed 
because total dose of carcinogen given to 
W/y rats was smaller and duration of treat- 
ment shorter. 

An orientation experiment was performed 
to test our hypothesis that stimulation of the 
mammary gland by MtH promotes carcino- 
genesis. The findings strongly support this 
postulate. Observations of others (cf. Dao 
et al. 10) indicating that this hydrocarbon is 
concentrated in the mammary gland (as well 
as in fat) are in line with our hypothesis. We 
suppose that stimulation of the mammary 
gland by MtH enhances ability of the gland to 
trap the hydrocarbon. Male breasts also con- 
centrate the carcinogen(10). However, they 
contain relatively few glandular elements but 
abundant fat where the carcinogen is located 
almost exclusively. This explains why they 
do not develop MT. In pregnant and lactat- 
ing rats in which tumor induction rates are 
much higher than in virgin females(10), mam- 
mary glands are under high physiologic MtH 
stimulation, with intracellular as well as in- 
traacinar concentration of lipid (milk). Ac- 
cording to our hypothesis, male breasts stimu- 
lated by MtH and treated with 3-MCA should 
also develop MT (Exp. in progress). 

Induction of leukemia in non-inbred W rats 
has already been described by Shay e¢ al.(11), 
using 20-MCA in smaller doses over very long 
periods. 

Summary. 1. Mammary carcinomas oc- 
curred in 50% to 100% of 64 F/yy female rats 


surviving 90 to 96 days after initiation of in- 
tragastric instillation of 3-MCA twice weekly 
in 10 mg doses, and all of 18 W/su rats simi- 
larly treated, after 72 days of treatment. In 
castrated F/y, male rats similarly treated, no 
mammary carcinomas developed. 2. Squa- 
mous carcinomas arising in periauricular se- 
baceous glands developed in about one half of 
both male and female F/p, rats surviving 123 
days, and in none of the W/,, rats. Similarly, 
squamous carcinomas of skin and oral mucosa 
occurred in approximately 12% of F/ia rats 
of both sexes and none in W/,, rats. 3. Leu- 
kemias, including lymphoma (about 9%) 
developed in F/py, rats and none in W/ sy rats. 
4. A single dose of 3-MCA or MtH alone 
failed to produce mammary carcinomas in 8 
W/vru rats, while 6 of 7 rats receiving both, 
developed mammary carcinomas. 
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Mammary tumors (MT) can be readily in- 
duced in rats by oral administration of 3- 
methylcholanthrene (3-MCA). Many of 
these tumors can be inhibited by androgens, 
ovariectomy, or hypophysectomy and stimu- 
lated by estrogens(1). Experiments point to 
a cell of the pituitary, named mammotrope 
(Mt), the hormones of which appear to be 
the main stimulants of the mammary gland. 
Estrogens appear to exert their effect indi- 
rectly by stimulating this cell (cf. 2,3). 

The present study was undertaken to de- 
termine the role of Mt, 7.e., mammotropic hor- 
mone (MtH), on growth of primary MT, in- 
duced in 33 rats with 3-MCA. All tumors 
were biopsied after which 13 rats were ova- 
riectomized and 20 hypophysectomized. Each 
rat was studied individually and progression 
of tumor growth was charted. When, follow- 
ing ovariectomy or hypophysectomy the tu- 
mors decreased in size markedly, a functional 
mammotropic tumor (MtT) providing MtH, 
was grafted on some of the animals, while 
others were left untreated to serve as controls. 
Typical experiments are illustrated in Fig. 
1-3. 

Materials and methods. Tumor bearing 
rats of the same group(4) were matched in 
trios; one was hypophysectomized, one ovar- 
iectomized and one left untreated as control. 
Operation was performed by standard surgi- 
cal procedure. Hypophysectomized animals 
were given Huggins’ Special Diet,t ad lib. No 
supplementary hormones were given. Two 
strains of MtT were used (for supplying en- 
dogenous MtH): F4 (estrogen induced in 
F/p, rats) and W2 (spontaneous in W/ru 
rats). F4 grew faster than W2. MtH secre- 


* This investigation supported by contract from 
Cancer Chemotherapy Nat. Service Center and grant 
from Nat. Cancer Inst. 

“+ Obtained from Nutritional Biochemicals Corp., 
Cleveland, O. 


tion was greater by F4, as indicated by de- 
gree of mammary gland stimulation of tumor 
bearing hosts. Growth of both strains was 
greatly stimulated by estrogens. In our ter- 
minology, such tumors are designated as 
functional autonomous responsive tumors. 
Size of MT was measured immediately before 
treatment and thereafter every 2 to 5 weeks. 
Average diameters were calculated from the 3 
dimensions. 

Results. In the sample experiment illus- 
trated in Fig. 1, one rat (B) was ovariecto- 
mized when she had 8 MT, the mean diameter 
of which was charted. Following ovariectomy 
all 8 MT decreased in size. Thirty-three days 
following ovariectomy, MtT was grafted on 
this rat (to supply MtH) and this caused re- 
sumption of growth of MT. Another rat (C) 
had 4 MT. Hypophysectomy caused decrease 
in size of all 4 tumors. Upon graft of MtT 
all 4 tumors resumed growth, and 6 new MT 
appeared. The tumor of the untreated con- 
trol (A) grew progressively and 2 more tu- 
mors developed on this rat at 46 days. 


Fig. 2 and 3 present similar trios. Fig. 2 
shows an apparently complete regression of 
tumor following hypophysectomy (F) but 
MtT caused not only reappearance of this 
MT, but 11 new tumors appeared on this rat 
(Fig. 4). In the experiment illustrated in 
Fig. 3 hypophysectomy was performed when 
the rat had 2 fairly large MT. Both decreased 
in size after hypophysectomy and resumed 
growth following an MtT graft. 


The Figures also illustrate the parallelism 
between rate of growth of MT and MtT; e.g., 
in Fig. 3 (H) MtT growth plateaued and so 
did that of MT. 

Altogether, ovariectomy was performed on 
13 rats bearing 50 tumors of which 36 (72%) 
decreased in size and 14 (28%) continued to 
grow with no apparent restraint (Table I). 
Responsive and nonresponsive tumors ap- 
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peared at random in the same animal. 
Hypophysectomy was performed on 20 rats 
bearing 59 tumors (Table II), of which 51 
(86%) were inhibited. Thus, hypophysec- 
tomy was slightly more effective than ovariec- 
tomy. All tumors of all 11 rats which were 
inhibited by hypophysectomy resumed _pro- 
gressive growth following receipt of an MtT 
graft. In hypophysectomized rats which did 
not receive MtT grafts, most MT (about 
54%) remained minute (measuring a few mm 
across) and about 37% could not be found at 
autopsy, About 9% of the tumors resumed 
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NIG. 1. Effect of ovariectomy (B) and hypophy- 
sectomy (C) on 3-MCA induced primary mammary 
carcinoma. Charts show decrease in tumor size fol- 
lowing operative procedures and resumption of 
growth following grafts of mammotropic tumors 
(supplying MtH). 

FIG. 2. Trio similar to that of Fig. 1. Apparent 
complete regression of mammary carcinoma follow- 
ing hypophysectomy with reappearance of this and 
other latent tumors following MtT graft. 

FIG. 3. Trio similar to those in Fig. 1 and 2 il- 
lustrating further parallelism between MT and 
MtT growth rates. 


progressive growth in hypophysectomized rats 
but at a much slower rate. No new tumors 
appeared in hypophysectomized rats, while 
this was a common event in untreated con- 
trols. 

Comments. These observations are in ac- 
cordance with those in man on the influence 


FIG. 4. Hypophysectomized rat (Fig. 2, F) with 
12 macroscopic tumors appearing after MtH stimu- 
lation. 
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TABLE I. Effect of Ovariectomy and Mammotropic 
Tumor Grafts on 3-MCA Induced (Original) Tumors. 


No. of Inhibition by MtT graft* 
Group rats tumors ovariectomy No. of ratst 
To 
F-I 1 8 8 (100) 
sot 5 19 HAG 5 178) 3 
IV 4 11 10 ( 91) 3 
W-IV 4 11 17858) 2 
Total 13 50 656572) 8 


* Following effective ovariectomy. 

t All were stimulated. 
of ovariectomy and hypophysectomy on 
growth of mammary tumors(5,6). Rat tu- 
mors appeared more responsive to hormonal 
procedures than human tumors. This may be 
either a species characteristic or due to an 
earlier institution of operative procedures. Re- 
sumption of tumor growth in hypophysecto- 
mized and ovariectomized rats following grafts 
of functional MtT (7.e. MtH) is in line with 
our supposition that MtH secreted by Mt is 
the most direct stimulus of MT and estrogens 
act indirectly by stimulating this cell(2,3). 
The effectiveness of hypophysectomy in 
women is generally attributed to deprivation 
of several hormones, mainly gonadotropins, 
growth hormone and prolactin: Experiments 
in our laboratory attribute an indirect role of 


TABLE II. Effect of Hypophysectomy and Mammo- 
tropic Tumor Graft on 3-MCA Induced Tumors. 


No. of Inhibition by MtT graft* 
Group rats tumors hypex. No. of ratst 
%o 
F-I 2 6 4 (67) 
Hil 5 9 8 (89) 4 
IV if 16 13 (81) 7 
W-IV 6 28 26 (93) 
Total 20 59 51 (86) Tel 


* Following effective hypophysectomy. 
+ All were stimulated. 
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gonadotropin, acting through enhancement of 
estrogen production and link somatotropin 
and prolactin to the same cell, named mam- 
motrope. Whether this cell discharges one or 
2 hormones remains to be determined. Other 
hormones play only a minor, “permissive” 
non-specific function (cf. 2). Corticoids mark- 
edly enhance secretion but not growth of the 
mammary gland(2,7). 

Summary. 1. About 72% of primary 3- 
MCA induced mammary carcinomas were in- 
hibited to varying degrees by ovariectomy and 
86% by hypophysectomy. 2. Most inhibited 
tumors remained minute; a few resumed pro- 
gressive growth and a moderate number 
(about 37% in the hypophysectomized series) 
could not be identified at autopsy. 3. Grafts 
of functional mammotropic tumors (providing 
a steady supply of mammotropin) on hypo- 
physectomized animals, whose mammary tu- 
mors have markedly decreased in size follow- 
ing ovariectomy or hypophysectomy, caused 
not only resumption of progressive tumor 
growth, but also appearance of numerous new 
mammary tumors. Thus MtH can unfold 
latent neoplastic potentialities. 
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Relation of Mammary Tumors to Mammotropes.* III. Hormone 


Responsiveness of Transplanted Mammary Tumors. 


(25623) 


UnTAE Kim, JAcoB FuRTH AND KELLY H. CLIFTON 
Children’s Cancer Research Fn., Children’s Medical Center, Boston, Mass., and Roswell Park 
Memorial Inst., Buffalo, N. Y. 


The first paper of this series(1) reported in- 
duction of mammary carcinoma (MT) in rats 
by 3-methylcholanthrene (3-MCA). The sec- 
ond paper(2) described responsiveness of pri- 
mary tumors to hormones. Both papers indi- 
cate a major role of the mammotrope (Mt) 
in induction and growth of mammary tumors 
(MT) of the rat. A subcarcinogenic dose of 
3-MCA caused MT only in rats whose mam- 
mary gland was stimulated by mammotropic 
hormone (MtH), provided by grafts of mam- 
motropic tumors (MtT). Ovariectomy and 
hypophysectomy retarded many and com- 
pletely arrested some primary MT. Grafts 
of functional MtT (i.e., MtH) caused resump- 
tion of tumor growth. The purpose of this 
study was (a) to determine whether primary 
grafted MT would respond to hormonal influ- 
ences in the same way as original tumors on 
their natural hosts, (b) to develop responsive 
and autonomous MT of diverse types for 
screening procedures and chemicals of pos- 
sible therapeutic value and (c) to analyze 
further the role of Mt in maintaining growth 
of MT.t 

Methods. The grafts were made either by 
s.c. injection of tumor mince, or by placing 
tumor fragments in s.c. pockets. Large tumor 
fragments yield tumors faster than injection 
of tumor mince, but the latter is a more con- 
venient procedure when large numbers of ani- 
mals are needed. In each group 6 to 10 rats, 
50 to 60 days old, were used. Thirty-three in- 
duced tumors were biopsied. Parts of the tu- 
mors were sectioned and studied histologi- 
cally, parts grafted on variously conditioned 
and normal rats of the strain of origin. 


* This investigation supported by 
(CCNSC) and grant from Nat. Cancer Inst. 

+ For tumor and host strains, procedures and key 
references see preceding papers(1,2). Adrenalecto- 
mized rats were maintained on 1% NaCl in drink- 
ing water. The grafted MT strains were named after 
the number of animal in which tumors arose. 


contract 


Results. Table I summarizes results of 31 
transplantation experiments of 22 strains of 
3-MCA induced tumors in F/p, rats. All 
tumors were autonomous in that they grew in 
normal males as well as females, but, with rare 
exceptions, all exhibited some degree of hor- 
monal responsiveness as indicated by slower 
growth rates in males than in females. Table I 
indicates a marked decrease in latency periods 
in the course of subpassages in both females 
and males. However, summating data ob- 
scures the marked individual differences in 
growth rates of tumors in males and females, 
the magnitude of which is a good lead on de- 
gree of estrogen responsiveness of a given 
mammary tumor. Some MT strains were 
highly estrogen responsive, others were entire- 
ly estrogen independent. Most of them were 
in between (Table II). Loss in degree of 
responsiveness and increase in growth rate 
are characteristic features of most, if not all 
MT of this series (Table I,I1). 


Table III compares first and second pas- 
sage of 3-MCA induced MT in W/pgy rats. 
Acceptance of the graft by all 405 W/py fe- 
males (Tables III, IV) indicates a practical 
homozygocity of this strain, while failure of 7 
males to accept similar grafts indicates occa- 
sional marked hormonal (estrogen) respon- 
siveness. This vanished, however, on the next 
passage. 

Half of the W/p, tumors were fully au- 
tonomous in the original grafts (7.e., there was 
no difference in latency period between males 
and females); half were hormone responsive, 
as indicated either by failure to take in males 
or by longer latency periods and smaller size 
of tumors in males. 

A smaller number of MT arising in irradi- 
ated W/r rats (Table IV) and of spontane- 
ous MT of both rat strains (Table V) were 
also studied. While 3-MCA induced tumors 
were almost all carcinomas, most of those in- 
duced by radiation were fibroadenomas(3). 
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a 
TABLE I. Comparison of First and Subsequent Passages of Mammary Tumors in W/ru Rats, 


Induced by 3-MCA. 


ET 


-—————— Females ————____, 


Males 


ae 


ae 
No. of rats No. of rats 
NO Of —————— Tumor No.of ————— Tumor 
Passage exp. Grafted Tumor latency* exp. Grafted Tumor latency* 
Ist 21 193 191 (25-108) 11 66 64 (35-172) 
51 97 
2nd 7 137 137 (15-59) 8 65 63 (22-87) 
32 SV 
3rd 2 66 66 
4th 1 40 40 
Total hil 436 434 19 131 12a, 
* days 
TABLE II. Degree of Responsiveness of Grafted areas pe IENES Taney, ME Ones aS) 
Tainors. strain was 30 days in first passage and 18 days 
Degree of 1st passage 2nd passage amsecond eer i 
response* No. of strains No. of strains Hormonal influence. Maximal inhibition of 
None 3 3 MT in F/;, rats was obtained by hypophy- 
Slight 2 1 sectomy, somewhat less by ovariectomy, and 
Moderate 2 1 ; 
eran ZA almost none by adrenalectomy (Table VI). 


* Rating was as follows: ‘“Unresponsive” tumors 
were rated those which had about the same latency 
periods in males as in females; “slightly responsive” 
those tumors in which latency period in males was 
longer by not more than 50%; “moderately respon- 
sive” those in which this period in males was more 
than double; and “highly responsive” those with 
latency periods in males more than triple that in 
females. 

Of 6 radiation induced tumors selected for se- 
rial transplantation, 3 were carcinomas and 3 
were fibroadenomas (Table IV). All car- 
cinoma strains of the W/p, rats were fully 
autonomous (grew equally in males and fe- 
males); of the 2 fibroadenomas studied, one 
was fully autonomous and the other grew 
slightly better in females. Considered as a 
group, W/r. MT strains were less hormone 
responsive and had shorter latency periods 
than F/p, strains. In one W/s, strain latency 
period of the primary graft was 15 days, that 
of the first passage 6 days, and of the second 


Excellent stimulation of MT growth was ob- 
tained by MtT grafts (MtH). 

MtH (MtT) can even overcome the ex- 
treme inhibition in males, which is probably 
due to androgens (Fig. 2). In experiments 
shown in Fig. 1, ovariectomy and hypophysec- 
tomy were performed on groups of 6 rats 
when the grafted MT measured 7 to 10 mm. 
Six matched tumor-bearing rats were left as 


TABLE IV. Summary of Transplantation Data of 
Mammary Tumors Occurring in X-radiated W/vu 
Rats.t 


-—— Females —. ,»—— Males —_, 


No. of No. rats No. of No. rats 


Type Passage strains grafted* strains grafted* 
Ca 1 3 110 2 16 

2 2 31 1 8 

3 1 8 
Fibroad. 1 4) 50 2 13 
Total 9 199 5 37 


* All grew. t Obtained from Dr. C. J. Shellabarger. 


TABLE III. Comparison of First and Second Passage of Mammary Tumors of 3-MCA Treated 
W/ru Rats. 


A eS ee 


——————- Females —————__,, - Males 
No. of No. rats No.of No. rats 
Passage strains grafted* Latency, days strains grafted No. + Latency, days 
1 ot 206 (21-84) 6 47 40 (21-258) 
40 94 
2 8) 54 2 18 18 


* All grew. 


t 8 carcinoma and 1 fibroadenoma strains. 
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TABLE V. Transplantation of Spontaneous Mammary Tumors. 


——— Ss Hemales 


Males ——_, 


= 
Rat No. of No. Latency, No.of No. Latency, 
strain Tumor type Passage passage inj. No.+ days passage inj.* days 
F8 Fibroad. Primary 2 38 38 13 
Wi ” ? 1 10 10 60 1 15 60 
1st subp. 1 35 35 38 
W7 Ca Primary 1 7 15 230 1 7 230 
1st subp. 1 20 20 30 1 5 30 
W8 ao Primary 1 18 18 56 
1st subp. 1 12 12 95 1 12 95 
* All grew. 


controls. The points in Fig. 1 represent aver- 
ages. Note sharp resumption of tumor 
growth, following inhibition by operative pro- 
cedures, upon subsequent MtT grafts. 

In experiments shown in Fig. 2, grafted MT 
grew exceedingly slowly in 10 normal male 
rats. 56 days after MT graft, when the tu- 
mors were barely palpable, MtT was grafted 
on 5 MT bearing rats. MT growth was mark- 
edly accelerated by MtT (MtH) but re- 
mained slow without it. 


In one experiment (Fig. 3), 20 rats bearing. 


MT were divided in 2 groups when tumors 
measured about 7 mm; 10 rats were grafted 
with MtT, 10 remained as controls. Hypo- 
physectomy was performed on all 20 rats 19 
days later. MT on 10 rats bearing MtT grew 
progressively, while in those without MtT, 
shrank progressively. MtT (MtH) was neces- 
sary to maintain progressive growth of these 
MT in absence of the pituitary. However, the 
figures in Table VI are somewhat deceptive. 
The stimulating effect of MtH on all tumors 


TABLE VI. Hormonal Influences in Grafted Mam- 
mary Carcinomas in F/rm Rats. 


fee 

——_—— Inhibition —————__, 3 a 

Ovex Hypex Adrex Androg.* AS 
No.of strains 8 9 4 10 Ht 
No. of rats 47 78 18 88 46 
No. of exp. 9 12 4 14 8 

Effects: 

None 1 1 3 5(4)t 0 
Slight 3 3 1 1(3) 0) 
Moderate 1 ?) 0) 4(3) 1 
Marked 4 6 (0) 4(4) 7 


* Comparative growth of tumors in normal males 
vs females 

t First figure indicates prolongation of latency 
period, figure in parenthesis inhibition of tumor 
growth (size) in males vs females. 


listed in Table VI is due to the fact that only 
those tumor strains which responded to ovari- 
ectomy or hypophysectomy were challenged 
by MtT grafts. 

Differences in latency periods between 
males and females are probably due to differ- 
ences in estrogen levels. Ovariectomy is more 
effective than would be expected on the basis 
of growth inhibition in males. This can be 
well explained by differences in estrogen lev- 
els. 

There was no close relation between latency 
periods and hormone responsiveness; e¢.g., F7 
(Table VIL), a non-responsive strain, had a 
latency of 27 days; 3 highly responsive 
strains (F5, F9, F10) had about the same 
latency periods (25-35 days). 

Table VII attempts to answer the question 
whether hormone responsiveness of grafted 
MT’s is similar to that of original tumors 
from which they were derived. Response to 
ovariectomy of original MT and first genera- 
tion grafts was made in 3 cases, response to 
hypophysectomy in 5. There was excellent 
conformity between behavior of the original 
tumors and first generation grafts in 5 cases; 
in 2 there was a slight drop, and in 1 a slight 
gain in hormone responsiveness. On second 
passage, 2 tumors still remained highly re- 
sponsive and 2 gained markedly in autonomy. 
Response to ovariectomy was compared to 
that of hypophysectomy in 6 first generation 
grafts, and in one 2nd generation graft. There 
was good conformity in all. 

Table VIII summarizes the degree of hor- 
monal influences on all grafted MT studied. 
The greatest inhibition was obtained by hypo- 
physectomy; the least by adrenalectomy. The 
specificity of slight inhibition by the latter 
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HIG. 1. Effect of ovariectomy and hypophysec- 
tomy on grafts of 3-MCA induced mammary ear- 
cinoma (Strain F10) in female rats. Each point 
represents avg of 6-10 rats. Note regression of 
tumors following surgery and resumption of growth 
following grafts of a MtT (supplying MtH). 

FIG. 2. Exceedingly slow growth of mammary 
carcinoma (Strain F10) in 20 normal males (the 
point representing avg values) and marked stimu- 
lation of their growth in 10 of these rats following 
grafts of MtT. 

FIG. 3. Maintenance of progressive growth of 
MT in hypophysectomized rats that had received 
MtT graft 19 days earlier and shrinkage of MT in 
those without it. The points are ayg values on 19 
rats. 


(with one exception) is altogether doubtful. 

Comments. Use of large numbers of rats 
in this transplantation series was necessitated 
by our aim to find stable estrogen-responsive 
tumor strains with varying grades of respon- 


TABLE VII. Comparison of Responsiveness of 
Original vs Grafted Tumor. 


Response* to 


Strain Ovex Hypex 
(Cuan Orig. aie alle 
Graft I + 
F2 Orig. +--+ 
Graft I +--+ ++ 
F3 Orig. Sieaiecie 
Graft I +++ 
ei + 
F5 Orig. aR aE AE 
Graft I slaeteta 
ag lil Tea aiostaets 
F7 Orig. 0 
Graft I 0) 0) 
F9 Orig. Sete 
Graft I SR SRSE qParar 
F10 Orig. ARSE 
Graft I Stacie Sleateta 
ao LD sR ARR 
Wi Orig. +b eb 
Graft I ap ae steate 
Pee HIE as 
W4 Orig. Gieaipetl 
Graft I cicsie ate SPS aE 
R.W1 Orig. SESE 
Graft I +--+ Sar 


* 1 —retardation of growth, +-+ =—arrest of 
growth, +++ = regression (tumor not palpable). 


siveness, suitable for screening potential tu- 
mor inhibitors. This objective was not fully 
attained but the experiments point to techni- 
cal difficulties which could be corrected. His- 
tological examinations of mammary glands in- 
dicate that numerous cells of 3-MCA treated 
rats undergo neoplastic transformation 
throughout the glands. When grafts are 
made, it is likely that the more rapidly grow- 
ing and independent clone outgrows the more 
slowly growing clone. This situation calls for 
clonal isolation of tumors, less intense carcino- 
genic treatment, and transplantation as soon 
as a tumor appears. There is no way known 
to counteract progression of a tumor, but re- 
peated clonation may enable isolation of a 
desired clone. Preservation of wanted clones 
in the frozen state may enable their mainte- 
nance over periods of many years. 

The 100% takes in numerous experiments 
involving 405 W/1 rats of both sexes, as well 
as numerous other transplantation experi- 
ments, including leukemias and skin grafts 
(Maddock, personal communication), indicate 
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TABLE VIII. Comparison of Degree of Responsiveness of Transplanted Mammary Tumors to 
Various Hormonal Influences. 


No. of -—— Degree of response* — % Kind of 
Treatment strains tested 0) + ++ +++ responsive response 
Hypex 25 2 8 5 10 92 Inhibit. 
Ovex 22 5 7 4 6 78 a 
Androg.* 27 8 3 10 6 70 i‘ 
Adrex 13 7 5 0 1 46 Hl 
MtT (MtH) 10 0) 0) 1 8 100 Stimul. 


* Retardation of tumor growth in males. 


a remarkable “practical” homozygocity of the 
W/vw. strain. Transplantation data clearly 
indicate the autonomy of the W/;, tumor 
strains. 

Malignancy and latency periods are inde- 
pendent features. Fibroadenomas are benign 
tumors, carcinomas are malignant, yet both 
can grow fast or slow, both can be hormone 
dependent or independent, both progress in 
the course of passages with retention of basic 
features. 

Experiments of Clifton et al. (to be pub- 
lished) indicate that growth of mammary 
glands is maintained by MtH (given in form 
of MtT grafts) in absence of gonads and 
adrenals and that cortisol markedly en- 
hances secretion but not growth of the mam- 
mary gland. The present experiments point 
to a similar role of MtH with respect to 
growth of MT. 

Summary. 1. Hormone dependence of ori- 
ginal (spontaneous, radiation- and 3-methyl- 
cholanthrene induced) mammary tumors were 
compared with first and second generation 
grafts of the same tumor in fully histocom- 
patible inbred strains of rats. 2. Almost all 
tumors, (carcinomas and fibroadenomas) were 
autonomous in that they grew in normal hosts 


of both sexes, but most of them were hormone 
responsive. 3. A fair index of responsiveness 
is the degree of preferential growth of tumors 
in females. 4. Growth is retarded by ovariec- 
tomy and hypophysectomy and is resumed 
upon subsequent grafts of mammotropic tu- 
mors (administered to supply mammary gland 
stimulating hormones). 5. Progression ap- 
pears invariable in the course of transplanta- 
tions in the strains studied, but hormonal re- 
sponsiveness in the first passages was almost 
identical with that of primary tumors. 6. 
Malignancy, hormone responsiveness, and 
growth rate vary independently. A slow grow- 
ing fibroadenoma can be hormone indepen- 
dent and rapidly growing, while a carcinoma 
can be highly hormone responsive. These ex- 
periments support the hypothesis which con- 
siders the mammotrope of the pituitary and 
its hormones to be the main direct stimulant 
of the mammary gland and its tumors. 
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